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of the most experienced companies 


in the world have joined resources to found 


ASSOCIATED TRANSISTORS Ltd. 


a company devoted to making the world’s 


finest range of semiconductor devices 


VTE Vem) Ce a a ee 


and to apply the unique fund of knowledge 


The English Electric Co. Ltd. 


accumulated by these three organizations 


Ericsson Telephones Ltd. 


the Symbol of Reliability 


ASSOCIATED TRANSISTORS LTD - Stonefield Way * South Ruislip - Middlesex 
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Can you afford 
a defective tube? 


SPERRY 


CONTROL March 






“INTROVIEW” 


NON-DESTRUCTIVE 
TESTING EQUIPMENT 


(Manufactured under licence from I.C.1. Ltd.) 


Recent development of the “ Introview” non- 
destructive testing equipment now enables it to be 
used for checking grades of stainless steel tubing. 


A range of frequencies is employed to facilitate 
accurate testing by eddy-current principles with an 
instrument which is equally valuable for production 
testing and for checking in service. 


GYROSCOPE COMPANY LIMITED 


INDUSTRIAL DIVISION 
Great West Road, Brentford, Middlesex. 
Telephone: ISLeworth 1241. 
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VOLSTAT is the one simple word you need 
to remember when you are up against any mains 
voltage fluctuation problem. 


VOLSTAT stands for a range of Constant Voltage 
Transformers produced by ‘Advance’— the leading 
authority on voltage stabilization. 


VOLSTAT is backed by exclusive design, 
development and manufacturing skills which 
over many years have so often provided 

the only solution to mains voltage 
stabilization problems. 


Full technical details in folder G63 Eerie 









dvancte COMPONENTS LIMITED 


elie ti ROEBUCK ROAD « HAINAULT « ILFORD + ESSEX * HAINAULT 4444 
GD&2 
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WESTOOL. 
SOLENOIDS 


... Streamlined for streamline production layouts. Each 
unit, conveniently compact, easily incorporated into any 
control system —remote, automatic or push button. 
Action instantaneous and certain. 

The range of both types— AC and DC— is wide indeed; 
the standard the best throughout. 

Send for technical data sheets. 


ST. HELEN’S AUCKLAND, CO. DURHAM 


Telephone: West Auckland 551 (6 lines) ' ; = 
Telegrams : Solenoid, West Auckland. : y 


LONDON m \ | a ) 
2 Ashley Place, Carlisle Place, S.W.1. Telephone : Victoria 7301/2 4 / 


BIRMINGHAM Bank of Westool Solenoids operating hydraulic valves. 
7 Newhall Street, Birmingham 3 Telephone: Central 3901 Photograph by courtesy of Towler Brothers Lid, Leeds. 


TIB. 138 
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Choose from the 
MUIRHEAD range of 


MOTOR TACHOMETERS 
FOR 60 & 400c/s 



















SIZE 


15 


| 


The quality and range of these small motor tachometer 
generators will meet your most exacting needs in 
data transmission systems, integrating loops, analogue 
devices and instrument servomechanisms. 

Covering a wide range of control voltages, 60c/s or 
400c/s, in sizes Il, 15 and 18 Muirhead Motor 
Tachometers are all available from stock. 





Revised Issue 
of the 


MUIRHEAD 


SYNCHRO 


























MUIRHEAD TECHNIQUE 


A technical journal edited and published quarterly by Muirhead & Co. Limited. Free on 
request. In addition to articles by our own engineers, giving news about the latest 
designs, developments and applications of Muirhead products, there are also many articles 
by engineers outside the company, describing specialized projects in which Muirhead 
equipment plays its part. 


MUIRHEAD 


Precision Electrical Instruments 


MUIRHEAD & CO. LIMITED, Beckenham, Kent, England 
Telephone: Beckenham 4888 


MUIRHEAD INSTRUMENTS INC., 
441 Lexington Avenue, New York 17, N.Y., U.S.A. 
Telephone: Murray Hill 2-8131 


MU!RHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada 
Telephones: 3717 & 3718 
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This revised issue of the 
Muirhead Synchro Broadsheet 
is available to all those interested 
in servo engineering. Prepared 
for easy reference, it presents 
the brief specifications of 
Muirhead Control Transmitters 
and Receivers; Motor Tachometers 
and Tachometer Generators; 
Two-Phase Servomotors and 
Resolvers and Linvars in 
Standard Synchro frame sizes. 
It is available without charge 


and will be sent upon request. 


MUIRHEAD & CO. LIMITED 
BECKENHAM - KENT - ENGLAND 
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SCHRADER FLOW CONTROL VALVES provide a control of movement 
speed so essential to the effective use of compressed air equipment. The range of valves 
has now been extended to give even greater flexibility. 

The valve is easily set, by means of an adjustment screw, thus determining how fast 
the air flows in the “ adjusted” direction. If used in conjunction with an air cylinder, 
for instance, the valve can control the pressure build-up and with it the speed of 
the piston thrust, but not its pushing force. This controlled thrust speed avoids the 
impact shock of suddenly applied air pressure, yet permits full thrust force. When 
the valve’ is operating in the “ full flow” direction a poppet is opened, giving open line 
pressure. Where controlled air flow is required in both directions, two valves can be 
fitted back-to-back. 


Although designed primarily for air control, these valves are equally suitable for 
use with oil or water in hydraulic systems. 


Body of cast brass. The }” bore valve is the latest addition to the Schrader range, 


Non-corrodible plunger assembiy, which now covers }”, }” and }” B.S.P. sizes. These provide a pressure 
replaceable in one unit. 


: range as follows :—AIR: 0-400 p.s.I. OIL or WATER: 0-800 P.S.I. 
Substantial lock-nut 
resists vibration. 


@ LARGE POPPET TYPE PLUNGER 
PERMITS FAST, FULL RETURN FLOW. 


@ LARGE DIAMETER STAINLESS STEEL 
SEAT GIVES ACCURATE CONTROLLED 
FLOW. NO NEEDLE PO:NTS TO CLOG. 


POST THIS COUPON TODAY 


AC MHI EUMEATSY  cascmansionccciracons | 


829 TYBURN ROAD, ERDINGTON, BIRMINGHAM, 24 
Please send details of Schrader Flow Control Valves 
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industrial Servo Controls and Mechanical Components 
Tools for Teaching Control Techniques 


Stabilised D.C. Power Supplies 


SERVOMEX 
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The Teledeltos resistance analogue is used as a 2-dimensional form of 
electrolytic tank for solving the field problems of electro-magnetism, 
mechanics, fluid flow, etc. It is of great significance for design work and 
education and provides solutions in the form of convenient field plots 
directly on to the resistive sheet. 


@ Potentiometer measurement — discrimination to — 0.1°, 
@ Automatic protection for meter 

@ Flexible arrangements for ‘‘ current feed” 

@ Improved probe 

@ Compact, portable, low price 





The MC.47 is a more powerful addition to our range of speed controllers, 
giving roughly 4 H.P. at full speed. 

In this design, we have given special care to constancy of speed with 
fluctuating torque loads, and the MC.47 is free from any resonances 
when subjected to this test. Whereas the addition of flywheels has 
reduced the stability of some previous designs, the MC.47 

cannot be upset by any inertia load. 


@ 350 watts mechanical output @ “Droop” 10 r.p.m. 

@ Stability + 2 r.p.m. hour—hour constant load 

@ Speed range 0-7,500 r.p.m. 

Servomex Controls Limited Crowborough Sussex Telephone: Crowborough 1247 
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Strain gauges 
take the 
load... 


... Of engineering problems 
off your mind 


One example is the new, smooth-working, 
easily handled cargo crane, designed and 
manufactured by Stothert & Pitt, and tested 
in collaboration with the Saunders-Roe 
Foil Strain Gauge Field Service. 

The use of Foil Strain Gauge techniques 
can lead to more efficient designs with 
consequent economies in production and 
cost over a wide range of industrial activity. 
Saunders-Roe engineers are actively 
engaged on this work and can help you 
with your problems, 

Foil Strain Gauges can be incorporated 

in transducers for industrial measurement 
of such factors as, weights, pressures, 
torques, tractive effort and horsepower. 
For details of Saunders-Roe Foil Strain Gauges 

and Field Service, write to... 


SAUNDERS —@= RO EB 


@ subsidiary of WESTLAND AIRCRAFT LTD., YEOVIL 
STRAIN GAUGE DIVISION 


OSBORNE, EAST COWES, ISLE OF WIGHT 
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When you buy Motor Starters - - 


YOU PAY FOR OVERLOAD PROTECTION 





Only ONE-PIECE 
Overload Relays can 

give 100%, Protection. 
Only with ONE-PIECE construction can 
you know you’ve installed the heater cor- 
rectly. Only with ONE-PIECE construction can you 
know the heater is exactly centred, or properly 
positioned, so that it performs according to its rating. 
Only with ONE-PIECE construction can you know your 
starters will not operate without the thermal units 
properly installed. Only with ONE-PIECE construction 

can you know your motors have full protection. 


LET US PROVE IT! 


Let your Square D Field Engineer show you 
1 how one-piece construction is accomplished 
and how easy it is to mismatch separate 
heaters and solder pots — 2 a tripping time 
tester to compare various types of melting 
alloy units and to prove that tripping time 
won’t change after repeated operation. 


Heat-responsive element 
(solder pot) provides accurate 
response to overload, yet pre- 
vents nuisance tripping. 


LEADERS IN CONTROL GEAR FOR OVER 50 YEARS. 
EC & M Heavy Industry Electrical Equipment . .. Now a part of the Square D line 


Heat producing element 

1s an integral part of overload 
unit. It’s permanently joined 
to solder pot, can’t become 
misaligned. 


Only Square D has ONE-PIECE 
Construction. ONE-PIECE construction elimin- 
ates any possibility of heater misalignment. Square 
D melting alloy thermal overload relays can be in- 
stalled only one way. They are tamper-proof. They 
are factory- assembled, are individually calibrated 
and tested. Repeated tripping will not affect their 
accuracy. 


Insist on square D starters with melting 
alloy thermal overload relays 








SQUARE Soe 





FIELD OFFICES — LONDON ° BIRMINGHAM 


1960 


CHENEY MANOR SWINDON WILTSHIRE 
Square D products are stocked by leading electrical wholesalers throughout Great Britain. 
MANCHESTER = * 


GLASGOW NEWCASTLE 


BRISTOL 
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lf Clear Compact aitiaaabin 
is your problem a 


— 


Here is 
the answer ! 
el MULTI-INDICATORS 


by 








VERSATILE 


ROBUST { 
RELIABLE of 


using service approved lamps 
6v-28v to spec. No. E.L.1100 





7 





BARDOLPH ROAD, RICHMOND, SURREY. 
Telephone : RiChmond 7171 


; 
K GM electronics limited | 
' 


Voltage Regulating Transformers 
and Line Voltage Regulators 






from 250-580 VA Models 41 and 42 
% Universal fixing centres 
% Choice of ganged or automatic models 











THE NEW MODELS 71,72 from 1.5to2.5KVA 
Self-aligning brush gear 
: (PATENT PENDING) 
% Umiversal fixing centres 
% Choice of ganged or automat’c models 


Delivery from stock 


Details available from :— 


THE BRITISH ELECTRIC RESISTANCE Co. Ltd. 


Queensway -° Enfield - Middlesex Telephone : HOWard 241! 
Telegrams : Vitrohm, Enfield 





BR 136! 
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AN ANNOUNCEMENT 
FROM ULTRA... 





Since the Special Products Division of Ultra Electric 
Limited was formed in 1946, the demand for its specialised 


services in the field of electronic engineering has grown 





steadily. To meet the increase in the number and complex- 


4 ity of these commitments, a programme for expansion and 
nite 


SURREY. re-organisation was recently completed and the Division 





has been re-formed as an autonomous Company known as 


ws 
ON = SR oe NT 2 RE RF 2! ORR Nee 


ULTRA ELECTRONICS LIMITED. 


The Company has first-class facilities for research, devel- 
opment and production. Current activities include work on 
radio and radar system applications, magnetic amplifier 
servo controls, aircraft intercommunication, submarine 


detection, and computer peripheral equipment. 


The Continental Connector Division of the new Company 


manufactures the precision miniature multi-way connector 


of that name. 





ULTRA ELECTRONICS LIMITED 


» Ltd. |B, 
2411 eS if WESTERN AVENUE - LONDON - W3 - Tel: ACOrn 3434 


BR 136! 
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MEN IN THE KNOW 
HAVE THE RIGHT CONTACTS 


Versatile and reliable, Keyswitch relays set 
the standard for design robustness, sensitivity 
and extremely efficient operation—even under 
the most hazardous operating conditions. 












Special combined relay 

circuits fitted with 

5 amps. micro switch 

~@ and 9 standard 0.3 amp. 
contacts. 


















and now Plug-in 3,000 Type Relay 
All the versatility and 

well established abilities 

of the best known relays 

in the world plus 

plug-in facilities. 







%* Positive contact between male 
and female pins. 

%* Transparent or metal cover. 
%* Clip retains relay positively in 
any position. 
%* Contacts up to 18 light duty or 
12 heavy duty. 
%* Complete transistorizedorA.C. 
units. 







This relay incorporates 15 amp. 
Micro Switch, 5 amp. Mercury 
Switch and Standard 0.3 to 8 
amp. contacts. 

















P.O. 600 Type (Minor) 
relay with a combination of 
heavy-duty and light-duty 
contacts for space and cost saving. 




















RELAYS FOR ALL PURPOSES can be 
supplied to customers’ requirements. For 


AUTOMATION 

COMPUTERS 

BATCH COUNTING & PHOTO ELECTRICS 

TELEPHONY & INTERCOM. SYSTEMS 

2 Irongate Wharf Road, Praed St., London W.2 = AUTO-TIMING & AUTOMATIC SIGNALS 
Tel: PADdington 2231 MOTOR & MACHINERY CONTROL 

CURRENT & VOLTAGE REGULATION Etc. 









Sales Executive 





Extremely advantageous quotations can be offered for quantity orders. 
Contractors to Home and Overseas Governments and H.M. Crown Agents. 
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Aviation 


There are few industries which, for speed of evolution and 
progress, can be compared with the aircraft industry. The key to this 
rapid growth has been research, and it is in this field that ‘VSG’ 
variable delivery hydraulic pumps and transmission gears have played 
an important part not only in this country but overseas. 

Test rigs of various kinds both for airframe and jet engine 
development have incorporated ‘VSG’ equipment as being most 
suitable for giving that precise control necessary to simulate the 
required conditions. 

This is just another of the highly varied applications of ‘VSG’ 
which has now been serving modern industry for over fifty years. 


sh Po SERVING MODERN INDUSTRY 


VICKERS ARMSTRONGS (ENGINEERS) LTD VICKERS HOUSE BROADWAY LONDON SW! 


D27c 
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NE W 


low priced servo-operated 
indicating recorder controller 


for current or voltage 


Fielden 
Capacipoise 
SERVOGRAPH 


incorporating the well-known 
Fielden Transistorised plug-in 


electronic unit... 
N O W 


send for fully 
detailed specification sheet 
Cap 2/C 


Fielden 


ee VEG eae 
RANGES 

AAU a em 
alae lis 

mR ULE VEL a 
et eae ati 

mama MR 
ee 

* VARIOUS CHART SPEEDS 
EE a 


FIELDEN ELECTRONICS LTD - WYTHENSHAWE - MANCHESTER Phone: Wythenshawe 325! (4 lines) Grams: Humidity Manchester 


Indicating 
ALSO AUSTRALIA, ITALY AND CANADA Branch Offices: LONDON, WALSALL, STOCKTON-ON-TEES, EDINBURGH AND DUBLIN. ps 


Agents throughout the world 


CAP/SERVO 2 
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A.I.D. A.R.B. 
ADMIRALTY 
APPROVED 


3000 & 600 TYPE RELAYS 


AT 


RELAY 


SIZE OF BASE 
23” “ 1}” 2 4” 


6 Change-overs Light Duty * 6Makes or6 Breaks Heavy Duty 
2 Change-overs Heavy Duty and 2 Change-overs Light Duty 
* 


Transistorised to operate as low as 3 Micro-amps 
« 


A.C. Operation for : 6v. 12v. 24v. 50v. 110v. and 250v. A.C. 
® Double Wound Coils ® P.T.F.E. Insulation 
© Operate and Delay up to 5 Seconds 


A.D.S.RELAYS LTD 


89-97, ST.JOHN STREET, CLERKENWELL,E.C.I 
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Telephone: CLErkenwell 3393/4/5 
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SOLENOID 
VALVES 


—illustrated is one of the 
TW series high-performance valves 
for diaphragm and 
piston-operated apparatus 
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One of the outstanding new 
range of solenoid valves recently 
introduced by ETHER LTD., the 

TW (Three-way) valve provides 
effective pilot control for 
diaphragm and piston-operated 
apparatus. A special porting 
arrangementallows the direction 
of flow through the valve to be 
changed when the solenoid is 
operated. Two ranges, TW 25 
and TW 50, are available for use 
with air and water. Non-standard 
versions can be supplied for a 
variety of other liquidsand gases. 


ENQUIRIES, SALES & SERVICE : 


Caxton Way, Stevenage, Herts. 
Stevenage 2110-7 

Tyburn Road, Erdington, Birmingham, 24 
East 0276-8 


Appointed Sales and Service Agents 
in all principal countries 





Solenoid Valve Division 


TEMPERATURE & PROCESS CONTROL EQUIPMENT FOR ALL INDUSTRIES | 





































THE WASHING STAGE 
IN SEMI-CONDUCTOR 
MANUFACTURE 


Issued by ELGA PRODUCTS LIMITED 


The analysis below represents intrinsic* water, con- 
sidered essential for rinsing transistors and similar devices. 
There are three methods of producing this very high 
purity water. Whatever method is used, effluent quality 
must conform to the analysis. 

* intrinsic: belonging naturally —inherent—essential 


METHOD 1 

Individual line stations— mixed bed column 

Observations: Effluent is conductivity water approaching 10 
megohm-cm, no regeneration im situ. Appears to be satisfactory 


for most applications. 
Limitation: Rather uneconomical in hard water areas. 


METHOD 2 


Central plant with regeneration in situ, 
connected to end purification stations 





Observations: Effluent quality is “‘intrinsic water” of the order of 


16 megohm-cm-+. This approach appears to be generally accept- ea arti 


able and is very economical. 


METHOD 3 DEIONISED EFFLUENT ANALYSIS 
Individual line stations — mixed bed recirculation 


Trace metals Not present 
This method produces intrinsic water of the order of 16 megohm- 1“ 
EX : Silica Below 0.1 p.p.m. 
cm+. No regeneration in situ or central plant required. 3 
Observations: Acceptable effluent for all known applications, Chloride Not present 
virtually no maintenance. Negligible effluent cost: £2. 10. 0. Sulphate Not present 
for 6 to 10 working days. An example of a mixed bed recirculator Ammonia No coloration with Nessler’s 
is shown. This model cost £187. — 
Carbon dioxide Not present 
The Company specialises in the design and manufacture of 
deionisers for the provision of intrinsic water. Publica- pH value 
tion CTL | includes a paper “Intrinsic Water for Electrical resistance 


Semi-conductor Washing ”. Please ask for a copy. 





If it’s ion exchange ask F AG; yi first 
ELGA PRODUCTS LTD 


LANE END BUCKS Telephone: Lane End 396 
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Drift-proof 


Flow Metering 


c---------- ee 


WRITE OR SEND THE COUPON TODAY TO 
Honeywell Controls Limited 

Ruislip Road East Greenford 

Middlesex WAXlow 2333 


Please send me: 
Bulletin 2290a 


NAME 
POSITION 


ADDRESS 


Branch offices in the principal cities 
of the United Kingdom and throughout the world. 
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In Honeywell’s outstanding pneumatic balance 
differential converter, ‘vITon’ has now replaced 
Fluon as the standard diaphragm material. 
Neither time nor temperature has a 
significant effect on the characteristics 

of the new material—ensuring stable 
performance. The new ‘viTon’ diaphragm 

has a good chemical resistance. It can be used 
when metering a wide variety of fluids 
including dilute or concentrated alkalies 

and mineral acids, amines and hydrocarbons. 
Honeywell differential converters with Fluon 
coated diaphragms will remain available 


for applications involving other substances. 


Honeywell 
ee 
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When so much depends upon 
accurate voltage control... 


ITAL communications as well as industrial pro- 
cessing equipment frequently depend upon 
accurate control of the voltages which activate sen- 
sing, signalling and motivating devices. Variations 
due to load changes or supply fluctuations may 
seriously distort indicated values. 
Foster voltage regulating equipment automatically 
detects and compensates for changes, so that installa- 
tion performance is unaffected by variations in supply 


A member of the Lancashire Dynamo Group 


FOSTER 


Electronic Constant Voltage 
Transformer — Airfield 
Direction Finding Equipment. 


voltage and frequency, load and load power factor. 
Foster Transformers Limited are transformer, test 
and voltage regulation specialists to the world’s elec- 
trical industries. Foster equipment — the widest and 
most varied available —is supplied through Branches 
and Agents in 36 countries. 


TRANSFORMERS 


ni FOSTER TRANSFORMERS LIMITED, SOUTH WIMBLEDON, S8.W.19 
TELEPHONE: LIBERTY 2211. TELEGRAMS AND CABLES: FOSTRANS, LONDON, TELEX 


LU 
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The Illustration shows our P.4 

Series arranged for panel and | 
base mounting with machine 
type handle. 


— RETR ERE ET 9 PTT PREG TOT PP ATI AER 6 PRE 





ARROW Rotary Packet switches have, | 


ee ae 


for many years, enjoyed an enviable reputation for + 


excellence of design and fine performance. 


P.4 SERIES 


Considerable saving in cost can be effected by the Maximum Non-Reactive Ratings 


simultaneous switching of various circuits using 30/35 Amps 250v AC/DC 
20/30 Amps 440v AC/DC 


15/25 Amps 600v AC/DC 


oe 


ARROW Rotary switches, 


QUICK DELIVERY 


Write TODAY for a copy of LIST R.P.2. describing our P.4 Series a —s ewe nw Se SS _ — od 
illustrated here. 


A/31 


ARROW ELECTRIC SWITCHES LTD 


HANGER LANE - LONDON WS 
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MORE PERMANENT 
CAPITAL 
IS WHAT YOU NEED— 


to finance new equipment, plant, machinery and 


buildings for your expansion and progress 
5 y p pros 


Capital for this purpose is provided 


both in the form of long term loans and share capital by 


Write for the Annual Report (illustrated with progressive companies 
financed by ICFC) and the booklet ‘Capital for Business’ 


INDUSTRIAL & COMMERCIAL FINANCE 
CORPORATION LIMITED 


| ’ Shareholders: the English and Scottish Banks 


HEAD OFFICE 


7 Drapers’ Gardens, London, EC2 Telephone: National 8621/5 


and Branches in Birmingham, Leicester, Manchester 


Leeds and in Edinburgh 


ee 


LTD 
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ELECTRONIC 
SYSTEMS 
GROUP 








Is Matrix Inversion 
your problem? 


THE STANTEC-ZEBRA 


COMPUTING SERVICE 
CENTRE 


offers facilities for the solution of this and other 
mathematical problems 


AN EXTENSIVE LIBRARY OF SUB-ROUTINES 
1S AVAILABLE FOR SOLVING: 


SIMULTANEOUS LINEAR EQUATIONS 


SIMULTANEOUS ORDINARY 
DIFFERENTIAL EQUATIONS 


PROBLEMS IN MATRIX ALGEBRA 


MATHEMATICAL FUNCTIONS 
INCLUDING TABULATIONS 


All calculations are done in full 
decimal floating point. There are no 
scaling problems and numbers up to 
10999 can be printed out. 

Solution of 15 x 15 Simultaneous 
Linear Equations would cost about 
£3 in 9 decimal digit floating point 
or about £5 in 16 decimal digit float- 
ing point. Special ratesareavailable 
for educational establishments. 


Ask for a quotation from the Zebra 
Computing Service 


— 


S.7.€. is Britain’s biggest exporter of digital computers 


Tick No 26 on reply card for further details 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 
INFORMATION PROCESSING DIVISION: CORPORATION ROAD - NEWPORT - MON. 
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COMPACT COOLNESS | 


In a sense it’s an optical illusion. A magnetron valve cooler made by 
Marston sits snug in the palm of the hand—but, thanks to the ingenious 
corrugations of the secondary surface heat-exchanger, it presents two- 
and-a-half square feet of surface area. This is just one instance of the 
compact coolness Marston offers the electronics industry. Marston 
heat-exchangers, whether air- or liquid-cooled, are designed specific- 
ally for preserving component life and efficiency and reducing the drift 
of transistor characteristics. Don’t design round these problems: 


Marston can help you overcome them. 


MARSTON EXCELSIOR 


MARSTON EXCELSIOR LIMITED, FORDHOUSES, WOLVERHAMPTON, ENGLAND 


MAR 26< 
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SPECIFY 





aLCOMm— 


FOR SURE CONTROL 


A complete range of Solenoid or Air operated 
control valves available to cover all applications. 


Sizes }" B.S.P. to 8” Bore. Pressures up to 1,500 p.s.i. Tem- 
peratures up to 300° Cent. Body materials to suit all media 
including corrosive acids. Standard, Weatherproof or Buxton 
Certified Flameproof Solenoid Housings. Glandless, Fluon 
glands or stainless steel Bellows glands. 





AIR-OPERATED Type AOD—Heavy duty air operated units individually 
designed for control applications beyond capabilities of Solenoid types. 


For pressures up to 1,500 p.s.i. Sizes 1” B.S.P.-8” Bore. 


MAC—Suitable for towns gas or low 
pressure services. Sizes 4” B.S.P. to 6” 
Bore. ACS—For medium pressures 
suitable for gases or liquids. Sizes 4” 
to 2” B.S.P. ACP—Servo Piston type 
for control of Air, Water, Steam, pres- 
sures up to 300 p.s.i. 


KEEP A TIGHT GONTROL ON THINGS WITH VALVES 





MIDGET Type ACO—Sizes up to 

?#” BS.P., used for control of Air, 

Gases, Water, Oil at pressures up 

to 300 p.s.i. Single way—Reverse 

acting—three-way types available. electro-pneumatic control systems. 
Sizes up to 4” B.S.P. for use with 
air up to 150 p.s.i. 





SPC.3— Three-way valves for 


SEND FOR COMPREHENSIVE CATALOGUE OR INFORM US OF YOUR REQUIREMENTS 


ALEXANDER CONTROLS LTD. 


A MEMBER Ge eee CONCENTRIC GROUP OF COMPANIES 


Reddicap Hill, Sutton Coldfield, |§ Warwickshire. 
Telephone: SUTton Coldfield 5227-8-9 











Tick No 28 on reply card for further details CONTROL March 1960 






LVES 


es for 
systems. 
use with 


i 


rch 1960 


SOP Fe fo SRNR | MP tS aE Pe 


EOE 


--apereraer 


OO TE EY TPR CRT ERT 


eR 


ARENA 


OE REE IIT! 


LPO OY IPI RIEL 


ee ee 
SRR pee a OO 





keeps things 
temperate 


for Ferranti 
aboard the ‘Vanguard’ 


This beautifully engineered transformer/rectifier 
unit by Ferranti is installed in Britain's newest 
airliner, the Vickers Vanguard. The unit is, in 
Ferranti’s words, ‘ an assembly giving the mini- 
mum overall dimension and weight.’ 

In such compact equipments, cooling is acritical 
factor. It must be adequate and the cooling 
source must also be lightweight and efficient. 
Like Ferranti, most manufacturers of advanced 
electronics rely on Plannair blowers to solve 
temperature control problems. 

On a weight-to-output basis, Plannair blowers— 
the whole family of them—are the most efficient 
in the world. 

Whenever you are faced with the problems of 
getting enough air in the right place, take them 
to Plannair—that's what the rest of the industry 
does! 


The Plannair Blower type 
3PL241-110 operates on 200 volts 
3 phase 400 cycles at a speed of 
11,200 r.p.m. Output 150 c.f.m. at 4” s.w.g. 





Illustration shows four single stage blower units 
type 3PL241-110 installed for transformer|rectifier 
cooling on the main d.c. power supply unit in 
the Vickers Vanguard. 


PLANNAIR LIMITED 


Windfield House - Leatherhead + Surrey 
Tel: Leatherhead 4091/3 & 2231 


@ PLaz2 
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“* Just look at this list *... RADIOVISOR SMOKE 
DENSITY CONTROL EQUIPMENT MUST 


CERTAINLY DO ITS JOB WELL...” 









* GUINNESS 
FORD ser 
MONSANTO el ; ee 
1.C.l. 7 


ILFORD 
TATE & LYLE 


. . . and these are just a few of the many well-known 


Companies who use Radiovisor Smoke Density Indicators and Recorders 





for efficient combustion and to comply with the Clean Air Act. 


Telephone or write for full particulars to :- 


RADIOVISOR PARENT LIMITED 
STANHOPE WORKS, HIGH PATH, LONDON, S.W.19 
Telephone: CHErrywood 3351 Telegrams: Radivisor London $.W.19 


<at> 
RADIOVISOR 
<i> 
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Core 
Assemblies 
offer... 


adjustment of 77% 


with an accuracy of better than £0.02% 


Any assembly in the Mullard Vinkor range can be easily 
adjusted to an accuracy of better than +0.02%, by using 
a trimming screwdriver, whilst stability is ensured by 

the self-locking action of the adjuster core. The range of 
adjustment is approximately +7°/, about the nominal 
mid-position of the adjuster core. Over and above these 
advantages, for each size of core there is a choice of three 
permeabilities, which are controlled to close limits so that 
it is possible to calculate and wind an inductance to 
+3% of the value required before adjustment. 

These are just some of the reasons why leading equipment 
designers acclaim Vinkor as the world’s most efficient 
pot core. If you have not received your copy of 

Vinkor data, write at once to the address below. 





~ 


Mullard Ltd. Component Division, Mullard House, Torrington Place, W.C.1} 
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SAUNDERS -ROE 


specify 
HASSETT & HARPER 
CABINETS 


In these Hassett & Harper Cabinets and Consoles, 
Saunders-Roe housed specialised equipment for 
testing and firing the all-British Black Knight 
Research rocket. 

Saunders-Roe Limited are just one of our customers 
who appreciate the lively interest which our 
engineers display in every job they do. 

From the initial construction stage, through pilot 
development work, to the completion of a precision 
engineered job delivered on time, we operate with a 
dual ideal in mind: to give the customer what he 
needs and to maintain Hassett & Harper standards at 
their consistently high level. 

The standard range of Hassett & Harper Cabinets, 
variable in a wide combination of ways, meets most 
requirements, while a custom-built ‘special’ can meet 
any requirement. Ministry K114 Standard is regularly 
adhered to. 

You should have details on file. May we supply 
literature ? 


assclt é = ltd 


REGENT PLACE BIRMINGHAM 1 
Telephone : CENtral 6418 


LONDON SHOWROOM 
GREAT CUMBERLAND PLACE LONDON W.1 
Telephone : Paddington 4691 
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* Infinitely Variable Finger- 
tip Speed Control 





20 h.p. Varimag Drive installed 


% Standard Speed Range on a proofing machine 
20-1 or up to 150-1 for 
Special Applications %* Single or multi-motor drives 


%* Manual or automatic, 


local or remote control % No external starting equip- 


ment required 


of speed 
*% Any Type of Motor * No valves—no warming up 
Enclosure time 


Write for technical leaflet NV390 


LANCASHIRE DYNAMO NEVELIN LTD 


(SWITCHGEAR DIVISION) 
HURST GREEN - OXTED - SURREY - Telephone: OXTED 336! - Telegrams: NEVELIN OXTED 
A Member of the Lancashire Dynamo Group 








NRI6 
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In almost every industrial process there is some 
stage where manpower could be cut by the applica- 
tion of fluid power. It is here that our labour can 
prove so labour-saving, since the whole weight of the 
Baldwin Fluid Power Division is directed at cutting 
waste manpower and speeding production. 


BALDWIN TECHNICAL REPRESENTATIVES 
cover the British Isles. They are experienced fluid 
power engineers, who will quickly show you how to 
harness waste or under-used power by fitting Baldwin 
equipment which, because of its unit construction, 
can be supplied from stock quickly. 


Write now for the Fluid Power Catalogue C/503 


F:ulid Power Division 


Telephone Dartford 20948 & 26411 - 


THE EXPERT BALDWIN DESIGN STAFF 


at Dartford will plan automation schemes for any 
operation or series of operations up to the largest 
automatic production lines. 


HIGHLY SKILLED MEN 

on the Baldwin shop floor devote their attention to 
producing the superb finish, reliability and precision 
that characterises Baldwin Fluid Power equip- 
ment. There is a standard range of 384 pneumatic 
and hydraulic cylinders and over 700 control valves. 


We have long found that the best way to success is 
to give the best service. At every level, our man- 
power is aimed at increasing production for industry 
—and for Baldwin too, of course! 


A HARPER GROUP COMPANY 


Tick No 34 on reply card for further details 
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Baldwin Industrial Controls 


Baldwin Instrument Company Limited - Dartford - Kent 


Cables & Telex Baidwin Dartford 


B/3s 
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Wise designers evaluate their 
problems first on a Solartron 
Analogue Computer. Whether 
for simple servo design or com- 
plete multiple-loop system 
simulation, time spent on a 
Solartron Analogue C. omputer 
is time well spent. Dynamic 
simulation highlights design 
misconceptions with the clarity 
of a high-powered telescope, 
puts precise limits on all para- 
meters, defines boundaries for 
any set of operating conditions. 


wa 
iB 
wei 

! 


Solartron Analogue C omputers 
are available now—for highly 
accurate systems simulation 
and evaluation, for clear repre- 
sentation and solution of differ- 
ential and algebraic equations, 
for basic training and familiar- 
isation in problem program- 
ming. Read about this precision 
built, ever-expanding Solartron 
range—a truly comprehensive 
range comprising computers 
for every budget, every level of 
problem handling capacity. 
Or, why not let us tackle 
your problems for you at the 
Solartron Computer Centre. 
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AMONG THE USERS 
OF SOLARTRON 
COMPUTERS ARE 


A.E.1. (Heavy Plant Divisio 
British Nylon Spinners 
English Electric 

EL. 

Hawker Siddeley Group 











(44. 
C. A. Parsons 


Royal Aircraft 
Establishment 


U.K.A.E.A. 








l nited Steel 


simple electrical networks, motion of particles 
and like systems. 





analogue tutor 


Capable of demonstrating any form of 
second-order differential equation. Appli- 
cations include representation of servos, 


* A complete 
miniature 


computer 





for 


Student 


use 





It is safer and cheaper to simulate mistakes than make the 
Without having to build it, here is your projected system 
brought to your very desk-side or laboratory ! 


The Solartron SPACE ‘30° analogue computer (right) is unique in 
flexibility of application. With an operational capacity greater than 
many computers using 40 or more amplifiers, SPACE ‘30° has an 
additional problem-beating complement of non-linear units for direct 
analogue simulation of almost any dynamic system. Even when many 
complex system elements must be included as analytic or empirical 
non-linear operators, SPACE ‘30° will faithfully simulate according 
to the known information to produce a highly accurate prediction of 
dynamic performance. 


BeaEee 
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ANALOGUE COMPUTERS | 


The Analogue Computer is the foremost aid F ; 
to training in feedback techniques and é 
complete | theoretical servo analysis, also for clearly , 7 MEG 









representing and solving complex differential 
equations. 

iniature \ Because of its common basic approach to all 
dynamic problems, analogue computing prac- 
tice is vital to broadening engineering appre- . 5 

omputer ciation. Parallels between widely different rR . acl 
systems are drawn with sudden lucidity — § Se 
between hydraulic controls and national eA z ‘ 
economics for example, or between a nuclear CT Cera Lecce 
reactor and a controlled biological culture. We =.5 
Every problem solved on an analogue com- beeen RC rues log 

ter brings a wealth of dynamic knowledge, ‘ : 

aan to wide areas of subsequent work. a ae 


MINISPACE * Provides high accuracy at : ) 4 
low cost * Ideal for servo simulation and . 

basic reactor studies for students. * Eminently ie 
suitable for sub-programming largermachines. “ Y Pt 


ake the : os : 
ted system _— | Oe - Space it 


unique in For handling even bigger * 30 amplifiers in new, opti- 
eater than problems, your SPACE *30° mised design configura- 
0’ has an installation can be multiplied Tn 
: to give 60 or 90-amplifier : ; eS 
for direct * 7 ’ 
ee capacity—or, in the pre- For ds a : . ‘ ad aes eameanenuns bel aeadl 
—a ferred case, you can choose . ; I” delda ce cll | Se Tee eur ee 


empirical a SPACE ‘60° or SPACE 


‘90’ machine, each fully 
diction of integrated for centralised 
programming and control. 


* The first choice for com- 
plex dynamic simulation 
ae 


according 


* Easy to use — easily 
expanded. 


INDEPENDENT USE : 12 Segoe 1 Miah omsasaag Renstion queeutiog. 4 NTC CATTRALL 


three Solartron Deena Teme er 
Analogue Computing 
Which exist in their own 

as isi ; Fastest response available: accurate {.s.d. up to 10 c/s. 


Six-section pot, driven directly from servo. 
is and which are im- Self-contained with transistor feedback amplifier and 


3 power supply. 
available for use Multiplies up to five variables by one other or generates 
endently, or in exist- up to sixth power. 


analogue computing 
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4 , 100 min NPL crite vuneeneene i NCNM CCCI 
ll technical literature is * Better than 0.1% long term accuracy and 4,000 to 1 
AG on winless | + ipa Wes cae rtenecenes == tts* 








THE SOLARTRON Computer Centre at the Dorking Research 
and Development Laboratories of the Solartron Group 
offers comprehensive facilities for dynamic problem 
evaluation, programming and detailed solution on SPACE 


*30’ Analogue Computers. Skilled personnel will, if you 
require, translate your problems into computer language 
and carry out all the operational procedures. 


: 
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address your enquiries to: 


THE SOLARTRON ELECTRONIC GROUP LIMITED (Computer Division) 


Victoria Road, Farnborough, Hampshire. 
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Telephone: Farnborough (Hants) 3000 


A VALVE VOLTMETER 


with these 
OUTSTANDING FEATURES 


EXTREME SENSITIVITY 
accurate measurements are possible 
down to 100uV. 


WIDE VOLTAGE RANGES 
ImV. to 300 Volts F.S.D. 


WIDE FREQUENCY RANGE 
15c/s to 4.5Mc/s 


METER SCALE CALIBRATED 
IN VOLTS AND dB 


CAN BE USED AS A NULL 
DETECTOR AND INDICATOR 
FROM 10c/s to 10Mc/s 


CAN BE USED AS AN 
AMPLIFIER FROM 
ICc/s to 10Mc/s 


INCORPORATES ITS OWN 
H.T. STABILIZER 


SMALL COMPACT SIZE AND 
ROBUST CONSTRUCTION 


at this price... 


LO oncovx 


(including very low capacity screened leads and 
probe) 


with this backing .. . 


Behind this, the most modern instrument in its 

sphere, is that specialist instrumentation skill and : i‘ ” ” ” 
experience which has earned for all ‘Advance’ pro- Size: Be x 74 x 63 
ducts a reputation second to none throughout the Weight :7 Ib. 
Industry. From our up-to-the-minute factory at 

Hainault comes this latest addition to the world- 


famous ‘Advance’ range of instruments. ely 

Ful/ technical details of the‘ Advac’ COMPONENTS LIMITED 

in Leaflet G50 ———T INSTRUMENTS DIVISION Does 
ROEBUCK ROAD « HAINAULT « ILFORD + ESSEX TELEPHONE : HAINAULT 4444 


n) 


3) 3000 
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NOW. . .THORN PLUG-IN RELAYS 


‘ 








'| Thorn Pygmy Power Relay a SA a RR | 
el Ai Z 
Thorn T9 Micro-Switch Relay . 
| A plug-in relay, particulary suitable 
for switching P.A. equipment, the 
i snap action contacts minimising : 
y interference with pick-up leads. 
Operating coil wound for any specified 
voltage up to 240 volts A.C. or 150 volts 
: D.C. May be tropicalised. 
; Up to three micro-switch pattern contacts 
i mounted on standard coil frame. | 
Versions available with up to 11 solder 
tags or 10 screw terminals. 
fe i Contacts: 3 changeover. 
New interchangable relay designed for He ‘ Mechanical Life: Over 10,000,000 operations. 
use in remotely controlled automation = = = C/O Time: C.O. period less than 2 milliseconds. 
units. Has double pole changeover contacts. Max. Switch: 10 amps/240 volts A.C. noninductiveload. ; 
Dust proof—transparent plastic cover. _ Capacity: 0.2 amps/240 volts D.C. ,, __,, ” 
a i 0.5 amps/110 volts D.C. ,, ‘i a 
Plugs into any standard International 1.0amps/50 voltsD.C.,, —,, i 
octal valve base. 5 amps/24 voltsD.C.,, __,, , 
: Weight Only 44 ozs... 2 er — Seietbiidie. 
projection only 2" above base. : Switching: Up to 0.1 amp. approx. 20 cycles/sec. 
Mechanical life over Frequency: | pe ie i ie 
a 10,000,000 operations. 9 a » » ; os 
A 2 (referred to A.C. non-inductive load). 
r Switching current: 5 amps maximum at 
*. 250 volts A.C. ie 
Maximum surge current: 10 amps. : 
ee Operate time: 8 milliseconds approx. ‘ 
ee Release time: 6 milliseconds approx. 
ee Overall dimensions: 1#” square by 25” 
¢: Coil voltage: 240 volts standard; also 
: available for 6, 12, 24, 48, 60, 110 volts 
e : 


£: 
EIB 00 solani eeneunnenaitineanteasess eens and re jie 
RAO IE oie y * ‘ Re ON pioiar Dot OI ES $ 
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COMPONENT AND CONNECTOR DIVISION 
Thorn Electrical Industries Limited, Great Cambridge Road, Enfield, Middlesex. Telephone: ENField 5353 
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unequalled for accuracy, 
stability, versatility 
in flow metering 


The new Honeywell Bellows Flow Meter gives the 
better performance demanded by its potential 
users. It’s the most advanced meter body avail- 
able today, with important advantages never 
before found in flow meters. 

Some of its outstanding features: 


Sensitive and accurate — Sensitive to within 0-:05% 
of full scale .. . calibrated accuracy 05% of 
full scale. 

Leakproof — Between liquid fill and process fluid. 
Automatically stabilised — Changes in meter body 
temperature or static pressure have no effect on 
output shaft position. The Honeywell Bellows 


WRITE OR SEND THE COUPON TODAY TO: 
Honeywell Controls Limited, Ruislip Road East, 
Greenford, Middlesex. WAXlow 2333. 


Iam interested in your new Bellows Flow Meter 
Please send me — 
Specification sheet No. S292-2a. 


NAME 
POSITION 
ADDRESS 


Cc 


Branch offices in London, Birmingham, Manchester, Sheffield, Leeds, 
Middlesbrough, Cardiff, Glasgow, Dublin and throughout the world. 


i a 
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Meter operates efficiently in surrounding tem- 
peratures of between minus 40°F and plus 250°F. 


Unmatched convenience features — Including fast 
range changing in the field . . . connections for 
both horizontal and vertical piping . . . quick 
calibration and adjustment ... easy cleaning 
and servicing. 
High corrosion resistance — Seamless, stainless 
steel formed bellows give long, trouble-free 
service with virtually all process fluids. 
Fast, effective damping adjustment — New type 
pulsation check with rectangular orifice 
enables essentially linear damping adjustment 
and you can adjust from outside 
the meter body during operation. 


Hone 
—<— 


ywell 
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Speed is the need in Printed Circuits 
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Write for full details 
and samples to 


BRIBOND LIMITED 
Burgess Hill, Sussex 
Telephone: Burgess Hill 85611 
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BON >» print circuits faster 


The Printed Circuit is rapidly becoming established assembly 
practice in every field of electro-mechanics. Meeting this 
increasing demand takes specialist production such as only 
Bribond offers. Bribond manufacture circuits complete from 
design to finished board, and every stage is organised on modern 
line production methods providing outputs of any quantity. And 
each individual circuit is subjected to three critical inspections. 
This is increased when the copper is plated with either rhodium, 
silver, or gold. 


N ID make prototypes quicker 


The prototype department is at the service of all Bribond custo- 
mers. It can produce within 48 hours or less, the initial circuit 
from which future production can be planned. All that is needed 
is a clean circuit image from which reproduction can be made. 
Where desired, and time permits, the whole of this work can be 
carried out in our drawing office. Bribond recognise that quick 
prototypes—whether for complete units or small sub-assemblies— 
are essential in these highly competitive days when anything that 
shortens the time-lag between drawing board and production 
can mean a big reduction in marketing costs. 


IN ID maintain prompt deliveries 


Bribond have organised production to guarantee prompt delivery 
of customer’s requirements. Consultation and planning of any 
form of printed circuit—double sided, component notated, flexible, 
flush surfaced, plated, etc.—is freely offered and your enquiry is 
invited. 
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FOR 
MEASUREMENT 

OF TIME 
AND VOLTAGE 


4 he oh 


The type $31 Oscilloscope is an improved 
version of the now famous Serviscope. 


it is extremely compact (Sjin. x Gtin. x 13in.) 
and has a pertormance and specification 
unequalled by many much larger instruments. 


The D.C. coupied amplifier (-3db at 6 Mc/s), 
voltage calibration, wide-range calibrated 
time base (‘5 sec. to Ip sec. per cm.) and 

a precision flat-taced C.R. Tube are only a 
few of the seer eee cee ae Been} os: 


eh op 
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Evershed flow or differential pressure 
transmitter, Type ER.125, designed for 
accurate measurement and to give reliable 
service under the most exacting 
conditions. Suitable for oil, viscous or 
corrosive fluids, water, steam or gases. 


Where measurements 


matter most — You will find 


MLL instruments 


Evershed simple analogue computer, 

Type ER.92. A computing device for the instan- 
taneous and continuous solution of equations 
occurring in the day-to-day operation of process 
control, boiler control or the control of gas 

or fuel flow systems. 


INSTRUMENTATION DIVISION EVERSHED &€ VIGNOLES LIMITED 
ACTON LANE WORKS * LONDON W.4 Telephone: Chiswick 3579 Telegrams & Cables: Megger London Telex 22583 


7'136. 
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We've 
become 
- @ 
quite 
| attaened... o 

Two parts that beat as one . . . a perfect match! Amazing how “Carr” fasteners contrive to get 
things to cling. Leather to steel . . . wood to wood . . . plastics to anything you can think of. 
Now if Mr. K. and President E. would only visit Carr Fastener . . . ah, well! 


i If it’s something that’s never been fastened before, Carr Fastener, like love, will find a way. 


They take the difficult in their stride and accomplish the near impossible with complete sang-froid. 





puter, CARR FASTENER CO. LTD. 
nstan- Stapleford, Nottingham. Phone: Sandiacre 3085 
ations London: 195/197 Gt. Portland Street, London, W.1. Langham 3253-5 
rOCcess Manchester: Sunlight House, Quav Street, Manchester 3. Blackfriars 2533 
of gas Birmingham: Silhill House, 2235 Coventry Road, Sheldon, Birmingham, 26. Sheldon 5208-9 
stems. Glasgow: 13 Queen Street, Glasgow, C.1. City 3202 
r ED 
22583 
7/136. 
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ETHER XACTRO] 


Potentiometer Recording Controllers, SERIES 20: 


TYPE 2000 with on/off control 


TYPE 2001 with Anticipatory control 
(1% band width) 


PHENOLIC 
MOULDED DOOR 


CONTROL 
POINTER 


PEN-CARRIAGE 
RAIL 


MAINS SUPPLY 


COMPLETE UNIT SWITCH 


MOUNTED TO SLIDE OUT CONTROL UNIT 
AS ONE 


-for ease of servicing the amplifier is a plug-in unit. 


ETHER ‘XACTROL’ Potentiometer Recording Controllers are high-quality 
instruments, of the very latest design, for accurately controlling and 
measuring temperatures of — 200°C up to + 2,000°C. They are equally 
suitable for measuring variables such as speed, strain, pressure and hydrogen- 
ion concentration, as well as any other quantity that can be expressed as 


an electrical signal. 
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vee * Unique Zero-load & Zero-differential control system 
FEATURES * 6 calibrated scale * Small panel cut-out 10; 9; 
INCLUDE! * Patent Ink Cartridge * Front control-point setting 































CABLE 
CONNECTIONS 
POSITIONED FOR 
WALL- MOUNTING OR 
PANEL-MOUNTING 














ALL-STEEL WELDED CASE 


UNIQUE ZERO-LOAD 
& DIFFERENTIAL 
CONTROL SYSTEM 
LINEAR SLIDE-WIRE a 


(Patent applied for) 
HAVING 1,000 CONVOLUTIONS 










Oo : SPECIALLY DESIGNED 

INK CARTRIOGE ‘ BALANCING- MOTOR 
WITH PRECISION 
GEARBOX 


PEN 
CARRIAGE 


CHART 
TEAR-OFF STRIP 


SYNCHRONOUS 
CONVERTER 


CONTROL 
SETTING KNOB 


6 inch CALIBRATED 
CHART 


GAIN CONTROL 
CHART 
WIND-ON 


CALIBRATION 


PLUG-IN PRINTED-CIRCUIT ADJUSTMENT 


RANGE-CHANGE UNIT 


An exclusive feature of the ETHER ‘ XACTROL’ 
is the unique ZERO-LOAD & ZERO-DIFFERENTIAL CONTROL SYSTEM 


—which totally eliminates the ee ane 
use of mechanically-operated aia4 hi Please supply, without obligation, full details of the : 
linkages and snap-action switches ETHER * XACTROL.’ 

| 





c.3 

@ ZERO-LOAD even at control point BY LY REY utadkith da sidsd cist cn osindehhindtceaakeaanducwansnuksagasasxicieaeaatnoieemeaben 
@ ZERO-DIFFERENTIAL Tit km 
@ WIPING-ACTION, continuously- 

cleaning Se | I ace rch deeheiepesdseesadceecunsescudensoqedsaroctencdsnesesenecedaceéneeuesddscenssabotnes | 
e ADJUSTABLE OVER FULL SPAN NOW IINGIED oc: 5h rai ahi idenachonslameumeaudnecael jaadiceeieee Mian 7 

£195 () () TYBURN ROAD, BIRMINGHAM, 24 (East 0276-8) 
from “a [2s ie TAI CAXTON WAY, STEVENAGE, HERTS (Stevenage 2110-7) 









LIMITED } 
delivered REPRESENTATIVES THROUGHOUT THE U.K. 


AGENTS IN ALL PRINC'PAL COUNTRIES 





NGIN: *GREATER ACCESSIBILITY * EASIER SERVICING & INSPECTION 





COUNTING ? 


“MULTIPLICATION IS VEXATION 










DIVISION IS AS BAD 
THE RULE OF THREE DOTH PUZZLE ME 
AND PRACTICE DRIVES ME MAD!” 


Tachometer Type 144A—constructed from 
Plug-in Counting Sub-Units. 


The quaint complaint of the Elizabethan 
schoolboy might well re-echo today where 
management have not yet realised the 
significance of modern digital 

counting techniques. 

Many industrial control problems can be 
interpreted in terms of counting, timing or 
measuring. To meet these requirements we 
have introduced a wide range of inexpensive 
plug-in counting sub-units. These units, 

of which there are over 50, can be 
combined to produce dependable equipment 
for applications ranging from simple counting 
and batching to complex digital control. 

If you want facts-in-figures get 

in touch with us now. 


ERICSSON 





INSTRUMENT DIVISION 
High Church Street - New Basford - Nottingham Tel: 75115 


ERICSSON TELEPHONES LTD - HEAD OFFICE - 22 LINCOLN’S INN FIELDS - LONDON W.C.2 





PEOPLE WHO COUNT USE ERICSSON os rue 
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B. & R. make a wide range of standard relays from which 
some 15 million variations can be produced. 


And yet even that number doesn’t entirely meet the 
demand. We still (and most happily) produce many non- 
standard relays to customers’ specialist requirements. 


To help you and to enable us to provide prototypes much 
more quickly a special shop has been brought into 
operation. It will produce prototypes to customer’s 
requirements within seven days. 


RELAYS 


LIMITED 


& 





B & R RELAYS LTD - TEMPLE FIELDS - HARLOW - ESSEX 


Telephone : Harlow 25231/4 Member of the Gas Purification Group 
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Type F 
MINIATURE RELAY 


The remarkable CLARE postage-stamp-sized, high efficiency relay has 
been designed for—and is used in— guided missiles and similar airborne 


equipment where absolute dependability under arduous conditions must be 


Size: us ; provided with the greatest possible saving of weight and space. It has 
peg ‘og = 2-pole changeover contacts rated for 1 Amp at 28V d.c. or 11§V a.c. 

Weight: 0.52 oz. Over 143 models of the type F relay are available in 12 standard coil 
Operating power : voltages from 6.3 to 110V d.c. in various mounting arrangements. A typical 
250 mW nominal. type F relay of 26.5V has a 675 ohm coil and a minimum operating current 
Pickup: 3.5 mS: of 19 mA, with brackets or 6BA stud fixing and solder hooks or 3 in. lead 


connectors. Please write or telephone for the Clare Type F Relay Sales 


Spat: 1.5m Engineering Bulletin No. 124-1, which gives the full technical specification. 


Ambient temp : 
—65°C to + 125°C. 


Vibrations : 
metus OC. P. CLARE LIMITED 
Hermetically Sealed : 70 Dudden Hill Lane, London NW10 WILlesden 5141 


A.1.D. & A.R.B. approval. 


A MEMBER OF THE ELLIOTT-AUTOMATION GROUP 
Clare relays are made in the United Kingdom under licence from C. P. Clare & Co., Chicago, U.S.A. 
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CP RGBERp RT TP Toren sere 


AVO INSTRUMENTATION 


AVO instruments are in 
PASM iE Si Cel time leer: 8 


many oil refineries 


D.C. Amplifiers 

Radiation Monitors 

Valve Voltmeters 
Multi-range Testmeters 
Valve Testers 

and other electronic 

and nucleonic instruments 


4N VW 
FAN LOD ETD AVOCET HOUSE - 92-96 VAUXHALL BRIDGE ROAD - LONDON - S.W.! 


3404 palit s Cables: Avocet, Sowest 


A MEMBER OF THE METAL INDUSTRIESHGROUP OF COMPANIES 
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The Short Control System Analyser 


A new instrument for investigation of feedback control systems. 
The Analyser incorporates the Short Low Frequency Oscillator. 















Control of rolling mill 
and mining machinery 





Design of 
heavy crane contro! gear 


Missile 


servo analysis 


Gun control problems 


Reactor 


control mechanisms 
© Steady inphase and quadrature readings. 


© Complete rejection of system D.C. 
© Harmonic rejection. 
© D.C. content less than 0.0005%,. 
© Sine and cosine distortion less than 0.5%. 
© Amplitude within + 1% 
© Frequency range 0.01—109.9 c s within 1%. 


© Zero start and exponential finish to sine wave 
output. 





Powered steering 
and damper design 


Write for data sheet to: 
COMPU.OR SALES DEPART MENT, SHORT BROTHERS AND HARLAND LIMITED East India House, 208a Regent Street, London W.1 
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ELECTRONICS 
FOR THE STEEL INDUSTRY 





DAVY-UNITED 
LOADCELLS 


FOR SCALECAR WEIGHING AT SAMUEL FOX 


This 80-ton travelling scalecar at the Stocksbridge 

Works of Samuel Fox & Company Limited carries 

60 tons of steel scrap for charging into an arc furnace. 

The charge bin is supported by four Type B Loadcells 

each of 40-ton capacity, an arrangement which offers 

consistent high standards of accuracy in weight recording, D AV Y- U fag | T & D 
is less subject to damage in service as compared with 

the conventional weighbridge and costs considerably 

less than a mechanised weigh system. 


a18/DU/1 DAVY AND UNITED INSTRUMENTS LIMITED, DARNALL WORKS, SHEFFIELD 9 





ion W.1 
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Type 
Flowmeter 


Elliott Brothers (London) Ltd. now manufacture Above: The 1.1.C. differential 


pressure flowmeter 


the I.1.C. differential pressure flowmeter and its 
associated range of instruments in England. This 
unit in conjunction with Bristol’s and Elliott 
recording, controlling and transmitting equipment 
is the last word in flow control: this is proved by 
the hundreds in operation in the Chemical, Oil, i ee 


differential pressure indicator 


Rubber, Plastics and Paper Pulp industries. 


FEATURES 


* Complete over-range protection 


Above : Bristol's Series 500 


+” Sustained High accuracy recorder (supplied with or 


without spring driven or 
electric integrator) 


* Seamless bellows Heliarc 
Welded 


Right : Model 700 MT 
pneumatic differential 


oe 1 00 ~~ effecti ve pressure transmitter 


* One bellows unit for all 
pressure ratings 


Further information on the I.1.C, flowmeter is freely available from: 


THE PROCESS CONTROL DIVISION - ELLIOTT BROTHERS (LONDON) LTD + CENTURY WORKS - LONDON SE 13 


A MEM BYE R OF THE ELLIOTT*-AUTOMATION GROUP Ey 
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the first 





and 2nd European Fluid Power Conference 
EMPIRE HALL - OLYMPIA - LONDON - 25-29 APRIL 1960 





} You are invited to visit this great international Exhibition, demonstrating the 
vast growth and development of pneumatics, hydraulics and control in every 

branch of commercial and industrial activity. 
It will be shown that the immense expansion of industry and the attendant 
increase of industrial wealth, owes much to the pertinent use of ‘ fluid power ’. 
‘Fluid power’ applications as time and cost saving factors . . . are legion but 

} whether your problem is one of sheer brute strength . . . or one demanding 
the utmost delicacy and precision, the answer will be found at Olympia. 
Specialist companies from the United Kingdom and Europe are exhibiting and “ 


their engineers will be present to discuss your individual problems and 
requirements. 


Complete form below for complimentary tickets and mail today! 


Mail This Order Form Today! 


To: The Exhibition Manager, COMPRESSED AIR & HYDRAULICS EXHIBITION 
St. Richard’s House . Eversholt Street . London, N.W.1 . England 


I edd sicitaisnnin sn incdénsquecaunaeunatabasneghackienestaass POSITION 


FE 13 This Exhibition is sponsored by COMPRESSED AIR & HYDRAULICS, one of the 
monthly technical journals published by the John Trundell Industrial Group 
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Type 1100 


24 Channel High Speed Recorder 


For the analysis of stresses and 
strains, electrical waveforms, 

vibrations, pressures, displacements, 
heat transfers and other physical and 
physiological phenomena 






























Up to 24 recording channels 





Eight paper speeds selectable 
by a switch on the front panel. ; 
Maximum 100 ins/sec 


Viewing screen showing amplitudes 
of traces, in direct relation, during 
recording 


Large range of galvanometers } 
available for various frequencies 

(up to 5000c/s) and sensitivities 

(from 1 cm/0.8 microamps) 


Preset record length and automatic 
record numbering 


Also available: Automatic processing and drying machine 
Direct writing ultra-violet recorders 
High temperature-pressure transducers 
Carrier systems 





New Electronic Products Ltd ! 


MAKERS OF SCIENTIFIC, MEDICAL AND INDUSTRIAL INSTRUMENTS 


Suppliers of recording instruments and systems to the aircraft and G.W. industries, 
Government establishments, Admiralty, etc., A.1.D. approved 


Head office and works: 360 Kennington Road London SEI! RELiance 5161 
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An unrivalled service 
in 


HYDRAULIC 


and 


ELECTRONIC 
ENGINEERING 





is provided by the combined resources 
of:— 


Cittcliffe HYDRAULICS LTD. 


and 


Cra VEN ELECT RONICS LTD. 


Sutcliffe Hydraulics and Craven Electronics are specialists in the manu- 
facture of components or complete installations in the fields of hydraulic 


and electronic engineering. 


The combining of the two Companies within the Sutcliffe Group now 
results in a pool of knowledge and highly skilled experience for the pro- 


duction of electro-hydraulic systems. 


Whether your needs are hydraulic, electronic or electro-hydraulic. 


Please write to :— 





SUTCLIFFE HYDRAULICS LTD. 
SPEEDWELL WORKS, 
WHITWOOD - CASTLEFORD 
TELEPHONE: CASTLEFORD 3211 


CRAVEN ELECTRONICS LTD. 
212 MANNINGHAM LANE, 
BRADFORD I. 

TELEPHONE: BRADFORD 29654-5 


. 
MEMBERS OF THE Siftcliff GROUP OF COMPANIES 





VARIABLE OUTPUT PUMPS 


Piston in line type 

Flow infinitely variable from 
zero to maximum 

Capacities 7} to 50 g.p.m. 
Pressures up to 2000 p.s.i. 


FIXED DELIVERY PUMPS 


Piston in line type 


VALVES 
Single acting 
Double acting 
Relief 
Unloading 
Reversing 
Pilot operated 
Rotary 


RAMS 


Single and double acting 


PRESS TABLES 


For feeding presses for rubber 
and plastic industries 


RUBBER BALE CUTTERS 
LIFTING GEAR 


Either stationary or traversing 


WATER PUMPS 


Crankless reciprocating 


POWER PACKS 


And complete installations of 
hydraulic equipment to suit 
customers needs 


DIGITAL TACHOMETERS 


ELECTRONIC CONTROL 
EQUIPMENT 


COUNTING AND BATCHING 
EQUIPMENT 


PRECISION CHRONOMETERS 
DISPLACEMENT GAUGES 


TEMPERATURE 
CONTROLLERS 


VISCOMETERS 

POLYPHASE OSCILLATORS 
SELECTIVE AMPLIFIERS 
ENGINE INDICATORS 
BEAM SWITCHES 


Tick No 57 on reply card for further details 57 












WE OFTEN TALK 
SHOP 
AT LUNCH 











MVC. THE MAGNETIC 


MVC Is the Regi istered Trade Mark of the Magnetic Valve Co Ltd. 
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(Because we like to thoroughly digest our customer's problems!) 


We like to see a job well done. And we like to see our customers happy! 
Getting our teeth deeply embedded in to our customers’ problems—no matter 
how specialised and individual—is the backbone of the MVC Service! 
Over 30 years’ experience and ‘know-how’ has been built-in to our range of over 
f 100 automatic control valves. People control water with them, gas with them, oil 
with them, steam with them and a host of other industrial liquids and gases too! 
Mushrooms are grown with them, jam is made with them and ships’ cargoes are 
frozen with them! 
You'll find that expert consultation and advice cost you absolutely nothing at 
MVC. Our full experience is at your disposal. Many times, what has first 
appeared to be impossible has been achieved. Why not write now for our new 
comprehensive catalogue No. 16 which contains full details of our complete 
range! 


fame Ala ait ‘PR’ TYPE HICH 


SG ania 


STOP VALVE 


PEVE aaa EL Le 


aie hl ian dle 
VALVE 


Naa 


dial ane y 
Pa: 


Aime aia 


Pei: VALVE Wa 
Ste L183 


‘R’ TYPE , 
wae Le be , 
LOW PRESSURE Ni itieania 


STOP VALVE . RE Les 


* All the valves shown on this page are standard and are fully detailed together with many others in our technical catalogue. 


VALVE GO. LIMITED 


7 KENDALL PLACE - BAKER STREET - LONDON - W.1. TEL: HUNTER 1801 (4 LINES) 


So. Ltd. 
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You can now build almost any Mains Dropper by 


using our 


Available in a range of 32 Values (2 sizes). Another 
one of your headaches (especially T V Droppers) 


gone! 








Our “MAKA-SWITCHES” 


9 6 


PROBLEMS! 


“MAINS DROPPER SECTIONS”. 


aa 
Lo D> 


4-8 MAPLE STREET - LONDON : W.I 
Telephone: EUSton 7232-7 


TELEGRAMS: RADOSPERES, WESDO, LONDON 


60 
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(supplied as separate “Shafting 
Assemblies”, “Spacers”’, “Mains Switches” 
and 5 Combinations of “‘Wafers”’) enable 
you to build almost any “Rotary” up to 6 
Banks, thus solving all your SWITCHING 


















Radiospares Ltd; "~ 


ENGLAND 


CABLES: RADOSPERES, LONDON 
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THE FIRST ALL TRANSISTORIZED ANALOG COMPUTER 


basic model less than $4000 f.o.b. New York 


This compact unit, 15” x 16” x 24” high, can provide day-in 
day-out instant solution of your most vexing engineering pro- 
blems. Even if you have never seen a computer before, you can 
learn to operate the TR-10 as easily as you learned to use a slide 
rule. 

Simply turn a dial to feed in design parameters, and the 
computer provides an instant by instant, dynamic picture of the 
effect of each change. You can study the inter-related effects of 
heat, pressure, flow, vibration, torque or any variable, and visu- 
ally compare one with the other. Engineering data comes alive- 
msight into how new designs will work is obtained easier, faster. 

The compactness, low power consumption and low voltage 
levels of the TR-10 make it the ideal nucleus for on-line computers 


for process control applications. More time is available for creative 
engineering. New ideas that were too costly to try before are now 
praticable. 

You can design virtually to perfection and have a perma - 
nent, visual record of performance before building pilot mod- 


els or prototypes. As a result, “cut and try” expense is reduced. 


The same quality workmanship and design that has made 
Electronic Associates the world’s leading producer of precision 
general purpose analog computers will be found in this new 
unit. Accuracy to +01 per cent. Modular construction allows you 
to select varying quantities of the following computing functions : 
summation, integration, multiplication or division, function gener- 
ation, parameter adjustment, logical comparison. 


FOR COMPLETE ENGINEERING DATA ON TR-10 OR THE LARGER PACE 231R COMPUTERS WRITE OR PHONE 


ELECTRONIC ASSOCIATES LTD. Works and Head Office : Victoria Road - Burgess Hill - Sussex - England. 


Tel. Burgess Hill 26.36. Telex : PACE BURGESSHL 
ELECTRONIC ASSOCIATES Inc. European Computation Center and Continental Sales Office 


43, rue de la Science Brussels 4 - Belgium, Tel. 11.43.69. Telex: PACE BELGBRU. 
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ANALOG COMPUTERS 


REGISTERED TRADE 
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GRAPHIC RECORDERS 


- ++ unequalled for robustness and compact efficiency of 
design resulting in the quickest response time for a given 
power consumption of any commercially available direct 
writing instrument. The unique inking system and “‘Acli- 
matic” ink ensure a trace which will not spread or dry up 
whatever the environment may be. 
Switchboard and Portable models 
to suit practically every A.C. and 

D.C. requirement. Also available 
in Duplex form. Optional extras 
include marker pens and alarm 

contacts. 





. . . instruments have been established as first . . . instruments have always been a Record speciality. } 
choice of discriminating users for over 40 years The present Illustrated is the new design of portable “‘Cirscale” 
design is robust, sensitive, accurate and has high performance which is available with a wide choice of ranges A.C. 
characteristics. The contemporary appearance of the Series or D.C. Ruggedly built to withstand rough handling, 

P illustrated blends with modern panel design and at the the platform dial and other unique features make it 
same time gives improved accuracy of reading. A fuller range eminently suitable for use on test beds, in laboratories . 
of sizes and types than ever before is now offered including or for general maintenance work. Other types of 
the “Mammoth” model with 60” scale length. Ranges to portable instruments include Wattmeter, Frequency 
meet almost every A.C. and D.C. requirement. and Power Factor Indicator. | 


Telephones : Altrincham 3221. (Sines THE RECORD ELECTRICAL CO. LTD 


Telegrams and Cables: Cirscale, Altrincham “ CIRSCALE WORKS,” BROADHEATH, ALTRINCHAM, CHESHIRE 
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@ CO U NTERS COUNTERS counters 


We offer 


Nw a very wide range 


of standard counters 


cy of for mechanical 
given 
direct 
“Acli- 
lry up 
jay be. 
jodels 
and operation. 
ilable 

xtras 
arm 


} or electro-magnetic 


Early information 
regarding your counting 


problem may well 


)— 


save time and money. 
Our expert knowledge 


is available to help you. 


eciality. } 
‘irscale” 
res A.C. 
andling, 


make it Illustrated literature on request 
ratories 


es | ounting 
‘. nstruments Ltd 


HIRE COUNTING INSTRUMENTS LTD. 5s, ELSTREE WAY, BOREHAM WOOD, HERTS. 


Telephone : ELStree | 382 (4 lines) 
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DELAYED PULSE 
AND 
SWEEP GENERATOR 






A versatile pulse generator 
designed to meet 

the need for a comprehensive 
instrument covering a 

wide range of pulse work. Four 
main facilities are 


provided: a pre-pulse, a main pulse 


delayed on the pre-pulse, 


a negative going sawtooth and a 


fast rising pulse 
formed from a pure line. 


BRIEF SPECIFICATION 


Period 


Continuously variable from 0-9usec to 


1-05sec i.e. 0°95c’s to 1°1Mc/s. Accuracy +5%. 


Pre-pulse 


40musec. 8V peak in 7522, positive going. 


Main pulse 


Width: Variable from 0°09usec to 105msec 
t+ 5%. 


Amplitude: Control gives 4:1 attenuation of each 
of four maximum outputs as follows: 
5V maxin 75Q risetime 10musec 
10V max in 1502 rise time <20musec 
25V max in 6002 rise time <40musec 
50V max in 10002 rise time 50musec 


Polarity: Positive or negative going. 
Accuracy: 2%. 







































Delay 

Conclusion of pre-pulse to advent of 

main pulse, delay variable from 0°09usec to 
105msec. Accuracy +5%. 


Sweep 

D.C. coupled negative going sawtooth same 
width and delay as main pulse. 

15V peak max. 


Cable pulse 

Obtained from short circuited pure line. 

One positive and one negative going pulse 

coincident with main pulse. 

25musec wide 3V max in 75Q, rise time 
8musec. 


Sync, trigger or single shot facilities provided. 
Full data available on request. 


RANK CINTEL LIMITED 
WORSLEY BRIDGE ROAD - LONDON :-SE26 


HITHER GREEN 4600 


Sales and Servicing Agents: Atkins, Robertson & Whiteford Ltd., Industrial Estate, Thornliebank, Glasgow. 
McKellen Automation Ltd., 122 Seymour Grove, Old Trafford, Manchester,16. Hawnt & Co., Ltd., 59 Moor St., Birmingham, 4. 
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The Answer to Control Problems 


Audco Annin Valves are recognized by Control Engineers and Valve 
Designers as the outstanding valve development of the past 25 years 
for the control of hot, cold, erosive, corrosive or viscous liquids. 


The Split Body Construction offers the following Advantages: 


@ The Easy ‘S’ flow line eliminates pockets and shoulders, and 

reduces erosion. 

The advantages of single seated valves plus Cv values compar- 

able with equivalent size double beat valves. 

Speedy inspection or removal of seat ring and integral stem 

and plug without removal of the valve from the line. 

Adaptable to form angle type bodies. 

Available in a wide range of materials with separable or 

integral flanges, with screwed or butt weld end connections, 

COMPLETE RANGE OF VALVES depending on size and rating. . 
UP TO 2500 ASA RATING @ Also supplied in threeway form with the same outstanding 

features. 





THE AUDLEY ENGINEERING CO. LTD., NEWPORT, SHROPSHIRE. TEL.: NEWPORT SHROPSHIRE 3241/9 


Grams.: Audley, Wellington, Shrops. * London Office: 60-61 Trafalgar Square, W .C.2. Telephone: TR Afalgar 4401. Grams.: Audcolon, London 
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RIDEN 
GOLLEGTADATA 


TAPE OPERATED EQUIPMENT 


COLLECTS 
THE FAGTS 


FROM FAR AND WIDE 
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This latest range of FRIDEN IpP equipment 
will collect data from any number of 
points and punches it onto tape at a data 
processing centre. The FRIDEN 8 channel 
tape code is used throughout the system, 
which consists of two basic units; the 
transmitter, which can be designed to 
read either tape and edge punched cards, 
or tabulating cards, and is connected by 
common cable to the receiver; which 
punches tape and may be fitted with a 
Time Code Emitter to record on the 
tape the time each transmission is 
received. 

The great advantages of this system are 
its speed, simplicity, and freedom from 
those inevitable transcription errors 
of manual recording and collection of 
data. Amongst its other important 
features are: provision at the trans- 
mitter for identification of each type of 
transmission; checking at the receiver 
for odd parity ofeach code asitis punched, 
which results in automatic operation of 
an Error Indicator on the transmitter 
calling for repeat transmission; a Line 
Busy Indicator on the transmitter which 
suspends operation, and automatically 
allows transmission when the line is 
clear; transmission will not commence 
should a data card be wrongly inserted; 
a special code at the end of a card ‘holds’ 
the line clear for any further trans- 
missions required; up to 18 digits of 
variable data may be set up on the 
transmitter itself, to be sent whenever a 
transfer code is read. The scope of the 
FRIDEN COLLECTADATA is enormous, and any 
attempt to detail its applications here 
would be quite impossible. Three of the 
most significant are Production Control, 
Time Recording and Stock Control, but 
anyone conversant with the executive 
and administrative operations of com- 
merce and industry will envisage many 
other potential fields of use. 


BUSINESS MACHINES LTD 


BULMERS have now attained a leading 
position in this sphere of mp, and their 
team of specialists is at your disposal, 
for general discussion or to advise on any 
specific problem. Please write to arrange 
an appointment or to obtain full details 
of ‘COLLECTADATA’ and other FRIDEN IDP 
equipment; 

Bulmers Business Machines Ltd., 47-51 
Worship St., London EC2. Tel: mon. 9791. 


DTV A27 





CONTROL March 1960 





PENA LE OA 


On pee YI 





nent 
r of 
data 
nnel 
tem, 
the 
1 to 
rds, 
d by 
hich 
th a 
the 


1 are 
from 
rrors 
yn of 
‘tant 
rans- 
pe of 
eiver 
ched, 
on of 
itter 
Line 
vhich 
cally 
ne is 
rence 
rted; 
10lds’ 
rans- 
ts of 
1 the 
ver a 
f the 
dany 
here 
f the 
ntrol, 
l, but 
utive 
com- 
many 


LTD 
ading 
their 
posal, 
yn any 
range 
etails 
=N IDP 


, 47-51 
|. 9791. 


DTV A27 


1960 









control engineering— 


The experience gained by this Company over many years of Control 
Engineering in almost every industry, together with considerable 
resources for research and development are available to you for the 


solution of your present and future control problems. 


ENGLISH ELECTRIC 


control gear 
Fo 


THE ENGLISH ELECTRIC Company LIMITED, MARCONI House, STRAND, LONDON, W.C.2 
Control Gear Division, Kidsgrove, Stoke-on-Trent, Staffs. Tel: Kidsgrove 2141/3 
WORKS: STAFFORD + PRESTON * RUGBY . BRADFORD " LIVERPOOL . ACCRINGTON 


CGJA 
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This new counter is fast, 


compact, reliable-costs 


Series F.43 magnetic counters 


will operate up to 

3,000 counts per neitinisias 
—are reliability proved over 
400 million operations and, 
even with electrical reset, 
are smaller than 


most counters 


of comparable performance. 


Unequalled electrical and mechanical 
flexibility is now available at a price 
competitive with lower performance 
counters. Six digit indication, optional 
pushbutton or electrical reset and a 
wide selection of preferred operating 


voltages minimise application problems. 








Compact size, plug-in diecast construc- 
tion, socket-box dovetailing design and 
flush 
mounting frame simplify installation 


accessories such as_ optional 
and offer unequalled flexibility for 
individual or multiple installations in 


desks, panels and mimic diagrams. 





Flexibility shown by plug-in flush mounting and dovetailed stack 


The Hengstler Series F.43 electro-magnetic counter (patents pending) is manufactured in Western Germany by J. Hengstler K.G., Sole agents for this counter in the U.K. are 


LANCASHIRE DYNAMO ELECTRONIC PRODUCTS LIMITED 





sees RUGELEY - 


STAFFORDSHIRE - ENGLAND 


Manufacturers of the world’s widest range of industrial electronic control equipment 
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_ clean as a whistle! 


A saying that has vastly diverse meanings. At 
home it means a good shine on things. In indus- 
try ‘clean as a whistle’ means absolute purity. 
Fairey have developed Microfilters that will filter 
materials as varied in viscosity as molten plastic 
and gas to 24 micron purity, and remain efficient 
through very wide temperature changes and 
under enormous pressure. 

The industrial applications of Fairey Microfilters 


are as wide as the range of materials to be 





filtered. Fairey Filtration for all industries. 


filtration 


FAIREY ENGINEERING LTD. (HYDRAULICS DIVISION) ° HAYES ° MIDDLESEX 
(A subsidiary of The Fairey Company Limited) 
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Type 201 # 








Type PC.301, the miniature precision 
resistor designed specifically for printed 
circuit use. Phosphor bronze pins, 
spaced 0.3” to suit the standard Printed 
Circuit module, are silver finished for 
ease of soldering. The PC.301, which is 
unaffected by extremes of temperature 
and humidity, is designed to match the 
rapid development of modern Printed 
Circuits. 


RIVLIN 


Doman Road, 
Camberley, Surrey. 
Tel: Camberley 2507/8 
London Office: Tel: 
Swiss Cottage 3038 











Type 201, che newest precision wirewound 
resistor can be plugged into an Electro 
Methods type D2 socket. Gold-plated phos- 
phor bronze pins ensure strength with 
consistent low ohmic contact resistance, 
while the tough resin encapsulation will 
withstand extremes of temperature and 
humidity. 






The standard range of Rivlin precision 
resistors are eminently suited to all 
applications requiring great accuracy, 
stability and low temperature coeffecient. 
Supplied to any tolerance up to + 0.1% 
of the nominal value, or 0.010, which- 


ever is greater. 


RIVLIN, the name behind the resistors 
preferred the world over for their 
accuracy, reliability, craftsmanship and 
prompt delivery. 


INSTRUMENTS LIMITED 


ELECTRONIC ENGINEERS 


9621 
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It’s a comforting thought that a complete wiring system, 
embracing perhaps five hundred connections, 
can be bought-in simply by quoting one part number. 


Preformed wiring by Plessey, in conjunction with Plessey plugs and 
sockets, solves many of the problems encountered in the making up of wiring 
assemblies used in the manufacture of electronic and electrical equipment, 
and the benefits both structurally and economically are considerable. 


One order on Plessey for a complete assembly — or set of 
assemblies — means only one supplier to progress — only one item to be 
dealt with by the various departments concerned. 


Let us begin at the beginning 

In providing complete wiring forms, cable assemblies and junction boxes 
to special requirements, the maximum economy can be achieved by calling 

in Plessey at the design stage. In this way can the wide experience 
of the engineers be used to your full advantage. 
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WHENEVER IT'S A MATTER 
OF | 
SPAGE.... 


Whenever it’s a matter of space this new wire-wound 
potentiometer, of only 0.5 in diameter and weighing 
only 7 grammes, will eliminate your difficulty. 


FIVE STAR FEATURES 
* ONLY 0.5 in diameter, 0.5 wattage rating 
and ONLY 7 grammes in weight. 


%* A wide resistance range of 
10 ohms — 10,000 ohms. 


%* Resistance accuracy of + 5% as standard, 
%* High end stop torque. 
%* Facilities for increasing operating torque. 
Full electrical and mechanical , ' 7 
Se gree ee Available in two versions, one for standard wiring 
details are given in Data Sheet No. 10 ? 3 ; : : ; ; 
enalidhle on egadt. circuitry, the other for printed circuit application 
with locating centres 0.2 in apart, both versions are 
ideal for transistorized equipment etc. 


RELIANCE MANUFACTURING COMPANY (SOUTHWARK) LIMITED | 


SUTHERLAND ROAD* HIGHAM HILL* WALTHAMSTOW * LONDON - E.17 * Telephone No. (and for Cables) LARkswood 1118/9 
GD62 
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all this for a dozen oysters 


Well it would work we suppose—but there must be a simpler way. Without our modern 
advantages of electricity and remote control our ancestors often got themselves tied in 
mechanical knots and produced fantasies like this. 


SOLENOIDS 


Today, when the problems are so much more complicated, the 
solution is often much simpler—get in touch with Varley’s. 

If your problem is pushing, pulling, punching, prodding at 

a distance or automatically, the answer, proved many times 
in many fields, isa Varley Solenoid. 





TYPE ‘W.M.’ Illustrated 


A solenoid of rugged, welded construction for heavy industrial applications 
which can be supplied to pull or thrust 12 lbs. to 180 Ibs. through }” to7’” 
stroke, depending on rating. The coil is vacuum-impregnated and built-in 
Terminal Box and Surge Suppressor are fitted as standard. Base or Flange 
mounting available. This range is C.S.A. approved. 





For full details of Varley Solenoids, write for Illustrated Catalogue S. 3 


OLIVER PELL CONTROL LTD 


CAMBRIDGE ROW, BURRAGE ROAD, WOOLWICH, LONDON S.E.18 TELEPHONE: WOOLWICH 1422 


Telegrams: Olipel, London S.E.18 
TA2669 
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Above: Series ‘C’ Helipot, two gang unit, mounted on 
a large control valve at the Rolls-Royce Altitude Test 
Plant, Derby. These potentiometers ensure an accurate 
and fine control of temperature and pressure in the 
engine test cells, corresponding to the desired altitude 

conditions. 


Helipots provide reliable, long-life operation, embody- 
ing 15 years’ continuous improvements in design and 
manufacture. 


Beckman: 


Sales and Service, England and Wales:- 


WINSTON ELECTRONICS LTD 


The Rolls-Royce Altitude Test Plant at Derby 
uses Beckman /Helipot Potentiometers 


exclusively 
for valve position control and 
generation of control signals. 


; 


Beckman/Helipot precision wire-wound helical potentiometers offer: 
superior resolution . . . superior linearity—continuous test on produc- 


tion . . . low noise—all pots tested to close specification . . . wide 
ambient temperature range... low temperature coefficient ... long 
life . .. and can be supplied with multiple taps welded to individual 


wire turns, without reducing resolution. 

We shall be pleased to discuss your applications and advise suitable 
types. All British-made Helipots can be supplied at competitive prices 
from stock, in a wide range of resistance values. 

Special requirements can be met to order. 

Write for data sheets to Dept. C3. 


Instruments Limited 


Glenrothes. Fife. Scotland 
Tel: Glenrothes 551 Telex: 72135 


Govett Avenue, Shepperton, Middlesex, Walton-on-Thames 6321 
99422 


Tick No 74 on reply card for further details CONTROL March 


1960 




















soapy 













| DUPAR 


ELECTRO 
| MAGNETIC 


BRAKES 


Widest range of electromagnetic 









brakes manufactured — you 
can select exactly the right brake 


for the job. 










Generous lining area 


A.C. or D.C. Hand wheel Patent spring means reduced 

Sizes 2” to 30” adjustment means setting ensures working pressure. 
Retarding torques easy setting and complete accuracy Longer life—less wear— 

2 to 3,600 Ib ft. take-up of lining wear. in operation. lower stresses. 


Highly competitive price range. 


DN api 


DE WH U RS T Inverness WORKS - HOUNSLOW - MIDDX 
& PARTNER LIMITED _ Telephone: HOUnslow 0083 (12 lines) Telegrams: Dewhurst, Hounslow 
Field Offices at: Birmingham - Glasgow + Gloucester - Leeds - Manchester - Newcastle - Nottingham 


eas 


ch 1960 
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Here is one trom the 
Pullin range of 
Standard size OC. Morors 






Governed and ungoverned 
in a range of voltages 
Shafts: pinion, plain, splined and threaded. 


SIZES 08, 11, 15 and 18 


Here is the Size 18 — type 18PM— an International frame size 18, 
permanent magnet d.c. motor — one from the renowned Pullin range 
of precision, low voltage, permanent magnet d.c. motors designed for 
maximum performance and reliability even under most arduous 
operating conditions. 

At 28 volts d.c. input: torque at 5000 r.p.m. 300 g.cms; stall torque, 


goo g.cms. If speed governed: 3000 r.p.m. + 1°). As Tacho-Generator: 


Most types are 
IOv. per 1000 r.p.m. available from stock. 


For full details of range, please telephone (Isleworth | 212) or write. 


Synchros - Servo Motors 
Motor Generators 


Servo Amplifiers - Servo Gearboxes 


R. B. PULLIN & CO. LTD. 


PHOENIX WORKS GREAT WEST ROAD BRENTFORD MIDDLESEX 
Cables: PULLINCO-WESPHONE LONDON Telephone: ISLeworth 1212 
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AND MEASURE 
it TOO — 
IF YOU'RE WISE 





AWE 


TRANSISTOR GALVANOMETER AMPLIFIER 
COMPLETES THE SYSTEMS LINK 





The measurement of strain is an increasingly import- 
ant task in modern industrial planning and in a 
multitude of operations. One major problem is the 
amplification of strain gauge signals and the A.W.E. 
Transistor Galvanometer Amplifier is ideally suited 
for this purpose. L) The T.G.A. is one unit of a 
specially developed recording system which has a 
wide application in strain gauge pressure measure- 
ment and the general instrumentation field. L) The 
Amplifier is a modular unit, designed to drive 
viscously damped galvanometers which normally 
have a resistance of 50 ohms and a working range 
of DC to 2 Kc/s in Frequency. LJ Do your strain 
gauge problems include measurements up to 
750°C ? We can supply ‘Avro’ units to meet these 
stringent requirements:— Write to us for details. 


DRIFT 2mA/°C at output into 50 load at max. gain 
GAIN 7-5mA/mV. Maximum into 502 load 
OUTPUT +35mA. Max. into 502 

SUPPLY 6 Volt. D.C. at 220mA each line 


ARMSTRONG WHITWORTH EQUIPMENT, succiecore, GLOUCESTER. TELEPHONE: 67011 


SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LTD., COVENTRY, ENGLAND. MEMBER OF HAWKER SIDDELEY AVIATION 
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The practical vision of Steve Blank 


The uncluttered layout and clean typography of the pages 
of this magazine are no accident. They are an expression of 


the art of Steve Blank and other specialists like him. 


Mind you, Steve is not too happy about our use of the word 





‘art’. He is essentially a practical engineer who believes 






that a technically authoritative journal should above all 







things be absolutely clear. 


That is why, for example, all our articles begin and end on 






full pages* without breaks ; why graphs and diagrams are 






so meticulously drawn and captioned ; why Control looks so 







different from any other technical magazine in the world. 






*This easy-to-file layout system is specially useful to engineers who 
maintain private reference files. A pre-paid subscription card will be 






found facing page 183. 
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Teleflex Industrial Actuators solve many problems 
in the control of heavy loads. 

Remotely — electro-mechanically — simply 

— economically — accurately. 


























Teleflex actuators for industrial remote control 


Suitable for operating equipment which is normally inaccessible (valves, dampers etc). 


TELEFLEX PRODUCTS LIMITED BASILDON ESSEX 
Telephone: Basildon 22861 


Grams: TELEFLEX PHONE BASILDON 
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Multiple 
Contact 


Heavy 
Current 


Co-axial 
Relay 
Type SCX 


Aerial 
Change-over 


Type AECO. I5 


Differential 
Relay 
Type HS 


High 
Voltage 
Switching 
Type 9648 


Time 
Delay 
Type LF/TI 


Electronic 
Relay 
Type RE 


*— Rireraft 
Type 41! 


Sensitive D.C 
Relay 
Type KR. 


Time 
Delay 
Type LQA/T3 


Miniature 

D.C 

24v. Max. Coil 
Type ST 


Aerial 
Change-over 
Type AECO.4 


Sensitive 
Relay 
Type SSR 


D.C. 
Bus-bar 
Relay 
Type BZ 








1960 CONTROL March 1960 Tick No 81 on reply card for further details 8) 












PD 
ES 


Sole Distributors in U.K.: 


NEW ‘THERMOCOAX’ 
MINIATURE THERMOCOUPLES 


—+ ements mm.to 1 mm. outside diameter 





NQ 


The latest THERMOCOAX ceramic-packed miniature thermocouple wires 


have outside diameters of 0.5 mm. and 1 mm. and can be bent 

on a radius of 2mm. 

THERMOCOAX wire has great mechanical strength, especially against 
shock and high pressures, good stability at high temperatures 

and perfect insulation. Sharp bends can be made, the wire can 

be soldered or brazed to make gas-tight junctions, and the response 
time is very short. THERMOCOAX has a temperature range of 

0-900°C. with an accuracy of within 2.8°C. up to 350°C. and 0.75% 
from 350°C. upwards. In nuclear applications it offers very 

small area for the capture of neutrons. 


THERMOCOAX * miniature thermocouple wires consist of an 
outer sheath of metal filled with powdered magnesium oxide and 
enclosing two cores of Chromel-Alumelt insulated from each other 
and from the sheath. The actual thermocouple is made by joining 
the two conductors together. THERMOCOAX is available in 
three types-0.5 mm. and 1 mm. in diameter. 


* Marque deposee, produce of France + Trade mark Hoskins Mfg. Co. 


Full technical information supplied on request. 


RESEARCH AND CONTROL INSTRUMENTS LTD 


Instrument House, 207 King's Cross Road, London, W.C.1. Telephone: TERMINUS 2877 


(RCLO427) 
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The value of labour 


WO recent front-page news items that 
seemed to have something in common were 
the threatened strike by the railwaymen and 
the report of the Royal Commission on doctors’ 
and dentists’ salaries.* Both were concerned with 
pay, and both issues were complicated by ques- 
tions of rank, status, precedence, differentials— 
call them what you will. In spite of their simi- 
larities, these two cases of labour trouble were 
poles apart in at least one respect; and we do not 
mean by this the very broad * differential ’ between 
the salaries of the medicos and the wages of the 
railwaymen. 

Though insulated to some extent from the 
changes against which businesses must protect 
themselves, governments or nationalized industries 
cannot ignore the techno-economic environment 
in which they exist. Sooner or later, navies take 
to steel and steam, turbines replace reciprocators, 
and telephone exchanges become automatic. 
Sometimes a business is very important to the 
nation, and then, if it lacks the ability to survive 
unaided, a government may reasonably take it 
over or protect it in some other way, at least for 
a time. If with this help the enterprise continues 
to fail, then the whole country suffers. 

The railways are a case in point. At one time 
the spearhead of technical development, they have 
gradually declined from high drama to something 
that is not low farce only because it is no laugh- 
ing matter. They have been successively bolstered 
up by the devices of monopoly and nationaliza- 
tion, but their fortunes have continued to sag, Yet 
only a few fanatics contend that we can entirely 
dispense with them. 

One of the problems of twentieth-century civili- 
zation is the contrast between the ease with which 
its processes provide vehicles for individual trans- 
port, and the difficulty of devising suitable circuitry 
for the traffic to move along. Obviously this is a 
problem that the systems engineer can help to 
tackle. To him it will seem clear that the move- 
ments of nearly fifty-million individuals cannot be 
governed effectively if each individual can at any 
moment quite independently choose his position, 
velocity and acceleration in the tangled mesh of 


* Report of the Royal Commission on Doctors’ and Dentists’ 
Remuneration, 1957-1960, H.M. Stationery Office, price 15s. 
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roads. This is apparent even to common sense, so 
in the past an element of order has been intro- 
duced by means of traffic lights, policemen, high- 
way codes, and so on. A systems engineer, asked 
to devise an optimal network for the random 
motions of the individuals in a population, might 
well offer one in which there is a continuous and 
completely organized flow of vehicular traffic. 
(The escalator is of course a simple example of 
this sort of solution.) All movements on a rail net- 
work can be rigorously planned and regulated—if 
modern methods are used—and railways are there- 
fore more suitable than roadways for automatic 
control. 

But while others have been automatizing, the 
railways have tended to stick to the simpler 
methods of their forefathers. What a fearful object- 
lesson for industrial laggards! There, huge and 
unhappy, stumbles an industry that is still full 
of promise and potentiality, presenting a chal- 
lenge that could readily be met by contemporary 
techniques. No doubt the expense would be great, 
for it would be the accumulated cost after many 
decades of neglect, but the result would be a 
rational system of public transport. We must hope 
that other components of British industry will 
heed this warning. Mechanization and automatiza- 
tion do not reduce the demand for labour—they 
raise the general level of skill that is required. 
Those enterprises that do not keep up with this 
progress therefore degrade their labour, and the 
consequence is decline and fall. 

It is good that drudgery, either of muscle or 
of mind, should progressively disappear from 
human life, and we may assume for practical pur- 
poses that the highest level of human skill or 
intellect will always be above the highest sophisti- 
cation of mechanism (in any case, if our creatures 
out-distance us they will replace us, and our 
ascendency in the scale of biological evolution 
will be over). At any point in history the highest 
demands for skill will fall on certain professions, 
and clearly they are the professionals at that time 
best entitled to material recognition. It is therefore 
right that engineers and medicos should be well 
rewarded in our day. To us, the saddest fact 
shown by the report of the Royal Commission is 
that professional engineers earn still less than 
doctors and dentists. 
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PILOT PRACTICALITIES 


No. 1 of a series to acquaint 
Engineers of the very practical 
advantages of PILOT Plug 


Gauges which reduce gauging 





costs. 
WIRE TYPE GAUGES. (.001" to .510’ diameter) 


The gauging member is held in a split brass bush so 


that when wear takes place it may be— 


(a) Reversed in the handle enabling the unworn end 
to be used. 


(b) The worn portion ground off and the unworn portion 
advanced out of the handle. 


The gauging member can thus be fed out like a 
ead pencil. 

ges whose gauging member is a solid extension 
steel handle have only ONE life. 

placeable and reversible PILOT gauging member 
ong thus ENORMOUSLY REDUCING gauging 
















LOT Gauges are supplied 
Able 1 and not Table 5 

B.S.1. 969-1953 which specifies 
Gauge Manufacturing Tolerances 






HANDLE -- B® 








--SPLIT BUSH 
Because we have the experience 


and very specialised equipment 

to apply these ultra rigid standards 
to every Gauge we produce, 

a greater accuracy can be 


achieved in your product. 


‘PRACTICALLY’ PERFECT! 


* When this series is 
complete they will 
be av 


. fo mf request. 










»* SWALLOW ROAD - COVENTRY - PHONE: 87341/2 


LETTERS 


to the EDITOR 


He who pays the piper ? 

SIR: Mr. Toothill’s article ‘The 
Development Lark’ in the February 
issue Of CONTROL seems to be poli- 
tically very provocative. Without re- 
capitulating his case, he is effectively 
saying that development now-a- 
days is very costly, and that if not 
related to the direct profit of any 
company concerned must lead to an 
overall loss for that company. It is 
obvious that a country the size of 
Great Britain will find it difficult to 
compete with the technological status 
of the U.S.A. and the U.S.S.R., since 
in both countries considerable assist- 
ance is given by the State. 

If we are to attempt to pit our skill 
against these two giants, then vast 
sums of money must be made avail- 
able from the public kitty. In the 
case of a research programme that 
comes to nought, there seems no rea- 
son why the public should not foot 
the bill. In the case of a development 
programme which enhances a com- 
pany’s prestige and profit-making 
ability by an appreciable amount, 
there seems no reason why the pub- 
lic should not share in these increased 
profits. I am certain that Toothill is 
not making such an advocacy, but 
his whole article, particularly if one 
reads it with a few thoughts about 
machine tools, is a plea for the 
nationalization of those industries 
which require vast capital sums for 
development. In fact, it has been 
shown time and time again over the 
last few weeks that private investment 
cannot, for one moment, cope with 
the development and expansion of 
the major industries. 


Wolverhampton JAMES LEWIN 


Navigators losing way 


SIR: Mr. K. C. Garner’s letter in 
the January issue of CONTROL demon- 
strates most clearly that the College 
of Aeronautics fully appreciates the 
needs to integrate flying controls with 
positional navigation. Indeed, engin- 
eers generally and servo engineers in 
particular seem to accept this inte- 
gration. 

Nevertheless, it would seem that in 
this respect control engineering is 
ahead of navigation. To quote an ex- 
ample, I know of no text book on 
navigation which deals with flying in- 
struments apart from their application 
to verifying position. 
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My comments were intended to sug- 
gest that control engineering is mak- 
ing a contribution to navigation 
thought. Indeed, it may be that con- 
trol engineering philosophy can make 
contributions to thought in many 
other fields. I would quote, for ex- 
ample, Administration. Most of us 
know the instability that may arise 
when ‘the Boss’ applies too much 
gain! 

Sperry Gyroscope 
Co. Ltd. 


E. W. ANDERSON 


Tachometric accuracy 


SIR: Having read with interest the 
article “Linear Tachometry for 
Machine Tools” by Messrs. M. J. C. 
Fowell and A. Cowley,* I would like 
to draw attention to the fact that 
precision A.C. integrating tachometers 
can be obtained in production quan- 
tities with an accuracy of 0-2%, and 
extremely low null voltages with negli- 
gible phase shift. 

Mr. Fowell’s article states that the 
best order of accuracy obtainable for 
A.C. Induction Tachometers is 2°. 
Ketay Ltd. E. BROWN 


* This article appeared in January's CONTROL. 
We should like to apologize for the misquota- 
tion of Mr. Fowell’s initials on page 80 of that 
issue. They were correctly stated on page 3, 
and are ‘EJ.C.’, not ‘M.J.C.’—eEpiror. 


Messrs. Fowell and Cowley write: 


“The precision tachometers that Mr. 
Brown of Ketay Ltd. refers to, were 
known to have been available in 
Great Britain at the time the article 
was written. 

In order to obtain the quoted 
accuracy the makers state that it is 
necessary to stabilize the frequency 
of the reference power input to one 
part in 4000. This degree of stabiliza- 
tion of supply frequency is not ob- 
tained without expensive control 
equipment. 

The figure of 2% expected accur- 
acy quoted in the article was arrived 
at considering a 1°%/, supply frequency 
variation with an induction tacho- 
meter of the same order of accuracy, 
and other inaccuracies in the velocity 
measuring system as a whole. 

We should like to correct an error 
made in our original script. On page 
81 under the heading Piezo-electric 
accelerometers the minimum measur- 
able acceleration should read ‘approxi- 
mately 0-002 ¢’. 

We should also like to refer your 
readers to an article published in your 
September 1959 issue under ‘Ideas 


Applied’. The author, E. M. Dunstan 
of the Department of Electrical 
Engineering at Manchester University 
describes a high-precision d.c. tacho- 
meter, the principle of operation 
being the determination of the speed 
of a conducting cylinder by the mea- 
surement of the quadrature field set 
up as it passes through a primary 
magnetic field. 

The invention is the subject of 
British Patent Application No. 2818/ 
56, the rights of which are owned by 
the National Research Development 
Corporation.’ 

Further details of this tachometer 
were given in ‘Ideas Applied’ last 
month.—£DITOR. 










































PUBLISHER’S COLUMN 
A chance to fraternize 


One subject that we see crop- 
ping up time and again in 
CONTROL is the _ increasingly 
important part that is being 
played in the control engineer- 
ing world by the Russians. It is 
plain enough to see why. Not 
only are Soviet scientists and 
technologists doing practical 
things like hurling heavy masses 
into space under superlative 
control, but they are also 
advancing significantly in the 
mathematics of control theory. 
A few months ago it was 
urged by a contributor that 
control engineers should take 
up the study of Russian. One 
of our Directors speaks it 
fluently, but we suspect that 
our editorial staff do not relish 
the thought of learning a new 
and difficult language at this 
point in their careers ! 
Judging by the remarks made 
at a recent meeting on Soviet 
automation (which we see re- 
ported in this issue of CONTROL), 
Russian progress is feared by 
some as a potential threat to 
British trade. This may be a 
pessimistic view, and we hope 
it is, but it is well to be wary. 
A grand opportunity is com- 
ing up in a few months’ time 
for Western control engineers 
to fraternize with their Russian 
counterparts, when the L.F.A.C. 
Congress will be taking place 
in Moscow. It is interesting to 
see that the provisional list of 
British delegates, which includes 
the Editor, already numbers 
more than seventy. 
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—L Exploded for production engineers to appreciate its superior 
reliability, here is a pilot solenoid valve by MAXAM:- 


1. Seats and Plunger — manufactured from plastic iron, heat- 
treated to provide maximum wear-resistance consistent with 
optimum electrical characteristics. 


2. Encapsulated Coil — each one subjected to a 24-hour water 
immersion test before assembly. Available in a wide range of 
AC and DC voltages. Heat dissipation assisted by controlled 
medium passing through centre of coil. 


3. Mounting Attachments — cast as an integral part of valve body. 


4. Seals — of special synthetic rubber compound which resists the 
action of specified liquids and gases. 

5. Operation — the valve can be arranged for two or three-way 
normally open, or normally closed operation. 


6. Only 2 Moving Components — movement is confined to the 
plunger and spring, reducing wear (and consequently main- 
tenance) to the minimum. 


* Manifold Mounting — the valve body base can be drilled (drill- 
point recesses are provided) for mounting on a machined face. 


* Compactness — overall height of the valve is only 34". 
* Operating Pressures — range up to 250 p.s.i. depending on the 
valve arrangement and orifice size. 


For completely reliable operation 
with maximum economy — specify 


The design above is typical of the meticulous attention 
to detail and the superior care taken to ensure that 
MAXAM controls and air/hydraulic components shall 
work infallibly for as long as possible on the minimum 
upkeep cost. The whole assembly complies with the 
MAXAM emphasis on quality and reliability. 


66°, of current production from our machine shops is for companies 
whose designers — with experience of MAXAM product quality, 
performance and reliability — have planned their future flow produc- 
tion machines with MAXAM Controlled Fluid Power in mind ! 


MAXAM POWER LIMITED 


Distributed by: THe 


Holman Bros. Limited, Camborne, England; Camborne 2275 S 
a 


and at 44 Brook Street, London W.1; Hyde Park 9444 

Also in Birmingham - Cardiff - Glasgow - Peterborough 

Sheffield. Australia - Canada - East Africa - France 

India « South Africa - Spain - U.S.A. - West Africa. eneue 
With Agents and Representatives throughout the world. 


Fluid Power Equipment MAB 


REGISTERED TRADE MARK 


Tick No 84 on reply card for further details 
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VIEWPOINT 


An open letter to the Minister for Science from 
Paul Goudime, Managing Director, Electronic 
Instruments and Past President of the Scientific 
Association, on 


HARNESSING OUR TALENTS 


Instrument Manufacturers’ 


D te- es Flevk Sham, 


I have just been reading your 
manifesto* in which you describe, in simple terms, 
how you hope to set about your task as the first 
Minister for Science. If I may say so, this is a bril- 
liant exposé delivered with the skill, verve and 
wit of a 4th of June speech. You steer a fine course 
between the Scylla of the Universities and the 
Charybdis of Industry, with a neat bouquet thrown 
in passing to the Transport and General Workers’ 
Union! Clearly, yours is a mammoth task and it 
must indeed be difficult to know where to begin. 
May I, therefore, as a manufacturer of scientific 
instruments, put forward with due temerity a prob- 
lem which bedevils our industry and which, I feel 
sure, is common to many other branches of 
science? 

My distinguished predecessors on this page have 
touched on almost every aspect for the betterment 
of British trade, prestige and leadership in world 
affairs. We have been urged by some, for closer 
co-operation between manufacturer and user; by 
others, for higher capital investment in the in- 
dustry, and by yet others, for a quicker realization 
of the benefits to be gained by automation. All 
these are admirable sentiments and precepts with 
which no one can quarrel, but the fundamental 
problem which seems to have been overlooked 
is the shortage of scientific man-power and hence 
the vital importance of its proper use. 

Of course, we cannot (to quote your own words) 
fling up ‘ clutches of satellites’ or launch packs of 
nuclear submarines, however galling it may be for 
us to sit here and watch others enjoying them. 
But are we really doing all we can to help our- 
selves in making the best use of the talents we 
have available? 

It would be difficult to find a piece of scientific 


* ‘The riew Minister for Science explains his task’; 
S.L.M.A. Bulletin; Vol. 13. No. 1 (Jan-Feb. 60). 
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equipment, whether of a simple or complex nature, 
which is not being duplicated or triplicated (or, 
in One case, multiplied by seventeen) with a con- 
sequent wastage of research effort and unecon- 
omical production runs. This duplication not only 
extends from firm to firm, but can often be found 
in different departments of the same organization. 
If this state of affairs exists in industry, how much 
more must it prevail in the labyrinthine labora- 
tories of our many universities and in the work 
of the multitudinous Government establishments 
which you control? 

Here, I submit, is the first and most important 
task which your new Ministry can perform. Let 
it begin by making a highly confidential survey 
of all the research work being done in private 
firms and in universities and Government labora- 
tories throughout the country. Collate the infor- 
mation in a register at ‘ Minerva House’ and then 
send for the Managing Directors and the Heads 
of your Government Departments and present 
them with a digest of the facts. The results will 
astonish them! Follow this up with a series of 
private meetings and discussions and I believe 
that a new understanding would arise which could 
revolutionize our research potential and enable 
Britain’s handful of scientists to match the achieve- 
ments of the overwhelming numbers pouring from 
American and Soviet universities. 

Of course, this will involve long and _ pains- 
taking negotiations. Firms and laboratories will 
have to make considerable sacrifices and give up 
their pet projects to work on others which you, as 
Science Minister, will suggest . . . . 

A pipe dream? Maybe. Or perhaps the seeds of 
the third industrial revolution. 


Sours Sincere ly, 


Fis Jowerne 
a 
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Level Level 
A gamma-ray level-detector is an 


expensive but simple component that 
may sometimes lessen the cost of plant 


Nucleonic measurement of level 


THE OPERATION OF NUCLEONIC LEVEL-INDICATORS 
depends on the fact that nuclear radiations are able to 
penetrate the solid walls of a vessel, suffering some 
absorption in the process, but are heavily attenuated by 
a large bulk of material inside the vessel. This pene- 
trating power makes it possible to design level gauges 
in which all component parts are mounted entirely out- 
side the vessel. For industrial process measurement and 
control, such a feature is extremely advantageous in 
that: 
1. There is no need for special ports in the vessel to 
admit probes, floats, etc., and this cheapens the con- 
struction of pressure vessels, glass-lined tanks, etc. 
2. The gauges can be installed and maintained while 
the plant is operating. 
3. Gauge components do not have to be protected 
against corrosive fluids, abrasive powders, vibration, 
dirt, high temperature, or other difficult operating 
conditions which may exist within the vessel. 
4. Instrument performance is satisfactory almost 
entirely without regard to the nature of the vessel’s 
contents, provided that there is sufficient mass to 
absorb the radiation appreciably. The method can 
therefore be used with bubbling or agitated liquids, 
very viscous fluids, explosives, granular solids, 
fluidized powders, etc. 


by E. W. JONES, B.Sc., A.INST.P. 
Isotope Developments Ltd. 


For these reasons, nucleonic indicators are finding 
increasing use in solving ‘difficult’ level-measurement 
problems on all types of industrial process _ plant. 
Although simple level measurements are made more 
economically by conventional methods (employing 
floats, electrical conductivity, capacity probes, photo- 
electric cells, etc.), the increasing cost of maintenance 
and installation is militating in favour of the nucleonic 
method. 


Basic components and their arrangement 


The basic components in the nucleonic level gauge 
are a long-lived radio-active source, radiation detector, 
and an electronic unit to convert the detector output 
into a useful electrical indicating or control signal. 

These units can be applied to the vessel in a number 
of ways, as illustrated in Fig. 1. Owing to the size of 
commercially available components the method is par- 
ticularly well suited to ‘ two-step’ or ‘ on-off” control at 
a fixed level (Fig. la). For this purpose it is only neces- 
sary to mount a fixed point-source and detector on 
opposite sides of the vessel at the critical level. The 
increase of signal strength as the contents fall below 
this level is usually more than sufficient for reliable 
operation of a control relay. Thus the trip level of the 
relay can be set so that there is no further need for 
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adjustment over one source half-life (see page 90). 
Re-calibration is not required, but no access to the con- 
tents is necessary in order to determine the level at 
which control is taking place. Generally accuracy 
within + jin. is easily achieved. Since the detector 
signal is only required to operate a relay, the associated 
circuit can be extremely simple and the electronic unit 
may be built into the detector housing to form a single 
self-contained unit (Fig. 2). 

Where continuous indication of level over a finite 
range is required, the electronic unit is usually more 
complex and is mounted remote from the detector. 
With a source and detector of small dimensions moun- 
ted at the same horizontal level (Fig. 1b), the complete 
signal-change takes place over a small change of level 
(in practice about }in.), so that -within this limited 
range very small fluctuations can be detected. Such a 
system has been adopted as a standard method of indi- 
cation and control of the level of molten glass in bottle- 
making plant. A cobalt-60 source and a water-cooled 
Geiger-Miiller counter are mounted on the furnace 
feeder channel (as shown in Fig. 3) to indicate level 
fluctuations as small as a hundredth of an inch. 

If it is desired to extend the vertical range of con- 
tinuous level-indication, other geometrical arrangements 
may be employed. The use of a fixed linear source and 
linear detector (Fig. Ic) can give an approximately 
linear response over a range of about 2ft. For a tank 
of reasonable dimensions, the radiation can be assumed 
to be cut off almost completely by the contents, so that 
the response is a function of the level, but not of the 
density, of the contents. Suitable linear sources of 
gamma radiation can be made from irradiated cobalt 
wire housed in a shielded source-holder as illustrated in 
Fig. 4, while the detector can be made from two or 
more Geiger-Miiller counter tubes (Fig. 5). 

Level indicators of this type find application on cata- 
lyst towers and other types of chemical plant. For 
ranges greater than 2ft the arrangement becomes 
impracticable owing to the large mass of the source 
Shield and the expense of the detector assembly. In 
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large vessels it may be preferable to place the source 
in a pocket in the tank (Fig. 1d), and arrange to with- 
draw it into a shield when necessary. This complicates 
tank design, but simplifies source shielding. 

Measurement of level in terms of gamma-ray absorp- 
tion, by directing the radiation vertically through the 
tank (Fig. le), is limited in practice to about 3-4 ft of 
water, and results in an exponential response giving 
poor accuracy over the high-level part of the range. 
Furthermore, readings depend on the density of 
contents. 

The oblique scanning arrangement, illustrated in 
Fig. 1f, has proved useful in controlling the level of 
liquid-paper-pulp ingredients in vertical pipes of about 
1 ft diameter. The non-linearity of response is not 
appreciable over ranges of 6-12 in. 

The vertical range may be extended further, and 
made approximately linear, by the more elaborate 
arrangement shown in Fig. lg, where a number of 
sources is employed. The strength of the sources is 
graded so that, when uncovered, each contributes the 
same signal strength at the detector. Ranges of up to 
Sft have been covered by this method, on plant such 
as bead catalyst towers. 

The arrangement illustrated in Fig. lh employs a 


Fig. 2 Self-contained radiation-detector for on-off control of 
level 
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source mounted on a float within the vessel. Its only 
advantage over other systems employing floats is that 
no mechanical or electrical connexions need be brought 
through the tank walls. 

In all the above continuous level-gauges, it is neces- 
sary to calibrate the instrument in the first place by 
making absolute determinations of level over the whole 
range. 

In practice, the best way of covering a large vertical 
range of level-variation by the gamma-ray method is to 
employ an on-off detection system, and arrange for 
switching to control a motor drive so that both source 
and detector traverse vertically and follow automati- 
cally any changes in level (Fig. 1)). 

In such a system it may easily be arranged that the 


Fig. 4 Below, horizontal section on 

shield designed for linear source. Right, 

linear shield for gamma-ray source 
used in continuous level-indicator 


Lead Radio-active 
cobalt wire 





Closed position 


traversing motor stops when source and detector are 
opposite the top surface of the contents, and does not 
hunt or move until the level changes. The motor system 
can operate a remote level-indicator. To simplify the 
mechanical traversing gear in large vessels, it is usual 


Fig. 5 Flame-proof linear detector-unit employing G.-M 
tubes 









































to fit the gauge to a stand-pipe of suitable dimensions 
leading off the side of the vessel. A level gauge of this 
type is illustrated in Fig. 6. 


Selection of the source 


The radio-active source must be chosen so that its 
radiation can penetrate the vessel walls easily, but will 


Fig. 6 Traversing system for 
continuous level-indication in 
stand-pipe 
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be attenuated appreciably by the contents. It is required 
also to have a long half-life (time to decay to half 
activity—measured from any starting time) so that 
replacement or re-calibration is rarely necessary. 

Where the vessel is small, with very thin walls, beta- 
ray sources may be used, the most popular choice being 
yttrium-90 in equilibrium with strontium-90. This gives 
a half-life of 25 years and maximum beta energy of 
2:2MeV. The maximum range of penetration of the 
beta rays is about 0°05 in. of steel or 0-4 in. of water. 
Such sources are used on plant for making non-alco- 
holic beverages where it is necessary to control the level 
of sticky liquids (cordials, syrups or essences) in a verti- 
cal pipe. Since the source and detector are mounted 
outside the tube, there are no adhesion problems and 
no difficulties in internal cleaning or sterilization. 

Beta-ray sources are also used to check the filling 
level of soap-powder cartons, beer cans, tooth-paste 
tubes and other small containers on high-speed pack- 
ing machines. An on-off system is used, coupled to 
an automatic mechanism for rejection of under-filled 


containers (see Fig. 7). To be continued 


Fig. 7 Inspection on tooth-paste packing machine. The 
detector, containing a G.-M. tube, is in the middle 









CONTROL March 1960 








its 
will 


| for 
min 


ired 
half 
that 


eta- 
eing 
‘ives 
y of 

the 
ater. 
Ico- 
level 
erti- 
nted 
and 


lling 
vaste 
ack- 
d to 
filled 


inued 


The 


/ 





1960 


Control is necessary at every stage, and 


automatic control is used in the preparation 


and burning stages of cement manufacture 









Fig. 1 Rotary kiln 


Automatic control 
in the cement industry 


by G. FIELD and S. R. BARKER 


Associated Portland Cement Manufacturers Ltd. 


PORTLAND CEMENT IS THE PRODUCT OBTAINED BY BURN- 
ing at a temperature of 1400-1500°C a chemically pro- 
portioned mixture of finely ground chalk (or limestone) 
and clay (or shale), cooling, and grinding the resultant 
clinker with gypsum. In what is known as the ‘ wet’ 
process the raw materials are ground in the form of a 
slurry containing about 40% of water and are fed 
directly to a rotary kiln where they are successively 
dried, decomposed and finally combined chemically into 
cement compounds. In the ‘dry’ and ‘ semi-dry” pro- 
cesses the raw materials are dried and ground, and are 
normally fed to a pre-heater either as a powder or as 
moist nodules before being discharged into a rotary 
kiln for final burning. The majority of cement clinker 
in the world is manufactured by one of these three 
processes, all of which use a rotary kiln (illustrated in 
Fig. 1) for the final burning process. The kilns are 
normally fired by means of pulverized coal or oil, but 
where it is readily available, natural gas has been used. 


Fig. 2a Control system for drying and grinding of raw materials 
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Control variables 
Control is necessary at all stages of manufacture, The 
major items requiring control are as follows: 


A. Preparation of raw material 
1. Chemical composition 
2. Fineness of grinding 
3. Moisture content of slurry or nodules. 


B. Burning of raw material 
4. Feed rate to kiln or pre-heater 
5. Final burning temperature 
6. Fuel and air supply to kiln. 
C. Grinding of clinker 
7. Correct proportions of clinker and gypsum 
8. Fineness of finished cement. 


Many of these items are controlled manually with 
appropriate instrumentation, but some automatic con- 
trol is used in the preparation and burning stages. 


Automatic drying and grinding of raw materials 


In the dry and semi-dry processes the raw materials 
are fed to air-swept mills which dry, grind and classify 
the product to the required degree of fineness, the over- 


Fig. 2b Control panel 
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size product from the classifier being returned to the 
mill for further grinding. By keeping a constant amount 
of material in the mill at any given air-flow and classi- 
fier-setting, it is possible to operate continuously at any 
desired level of fineness. The drop in static pressure 
of the air flowing through the mill is a measure of the 
amount of material in the mill and can be used to 
control the feed rate. The correct amount of heat 
required for drying the raw materials is obtained by 
controlling the temperature of the gases leaving the 
mill. Fig. 2a indicates the control system used, part of 
which is automatic and part manual, but all of which 
can be made automatic. Fig. 2b shows the control panel 
Temperature 
recorder 


and 
controller 
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COOLER — ‘damper Gos 
Clinker sample 1c ¢ : » . 
conveyor te for this plant. The essential features are: 
1. The air-flow through the mill is metered by an orifice or 
ae aren a — kept constant by controlling the exhaust fan 
ie Control signal to power speed or —— j 
= cylinder 2. The differential static pressure across the mill is used to 


control the rate of feed to the mill. 

3. The temperature of the gases leaving the mill is used to 
control a cold air damper on the inlet side of the mill. 

4. The temperature of the furnace walls is used to control 
the input of fuel to the furnace. 


Fig. 3 Control system where conditions permit use of 
radiation pyrometer 
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For a given raw material there is an optimum final 
temperature to which it should be heated to give a 
Louvre satisfactory product. In certain kilns it is possible to 
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Power cylinder 7 is p i 4 ¢ ‘ 
_- Quinn control this temperature directly by means of a total 
Ls damper Gas radiation pyrometer sighted on to the material in the 
Clinker sample . ° ° ° ° 
conveyor salle burning zone. Fig. 3 indicates such a system. In this the 
___ Signal trom, analyser fuel input is controlled from the pyrometer signal, and 
aay the total air required for the combustion of the fuel is 
controller Control signal to power | 
= controlled from the oxygen content of the exhaust gases. 


On many kilns, however, a total radiation pyrometer 
cannot be used successfully owing to the presence of a 
variable quantity of suspended clinker dust which 
absorbs part of the radiation emitted by the material in 
the burning zone. Under these circumstances, the opti- 

To mum burning temperature has to be obtained indirectly 
— by introducing the correct amount of heat for the type 
and quantity of raw materials fed to the kiln, This 
is equivalent to supplying a constant heat input to any 
kiln supplied with a constant input of raw materials. A 
constant heat input can obviously be obtained either by 
metering the fuel and controlling the necessary amount 
of combustion air from the gas analysis (see Fig. 4) or 
by metering the air and controlling the fuel input from 
the gas analysis (see Fig. 5). The system illustrated in 
Fig. 4 can only be used when the fuel quality remains 
constant, as is the case with oil or natural gas, whereas 


Fig. 4 Control system for use with oil firing 
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Fig. 5 Control system for use with pulverized coal 
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the system illustrated in Fig. 5 is necessary with a fuel 
of variable quality such as coal. The essential features 
of the latter system are: 


| 1. The quantity of air supplied to the kiln is obtained from 
the static pressure of the air in the kiln hood measured by 
means of a sensitive furnace pressure controller. 
2. The signal from the controller is used to actuate a power 
cylinder which operates the exhaust damper (see Fig. 6) 
thereby keeping the air-flow constant at the desired level. 
i 3. The kiln exit gases are continuously sampled and ana- 
i lysed for oxygen content, and this information is fed to 
‘ a recorder/controller. 
4. The signal from the controller maintains the fuel input 
) at a level which gives the desired oxygen content of the exit 
gas. 
The recorders and control equipment (see Fig. 7) are 
housed in a dust-free atmosphere and a pressurized 


instrument cabin is often used for this purpose. 


Benefits of automatic control 






The advantages of automatic control are that it is 
easier to maintain a good quality of product, that it 
lowers the maintenance costs because of steadier run- 
ning conditions, and that it saves fuel. 

Figs. 8a and 8b illustrate records of the oxygen con- 
tent and air supply to the kiln operating under manual 
and automatic control. The upper right-hand instrument 
is an Oxygen indicator-recorder/controller with a range 
from 0 to 2% oxygen. The other two instruments are 
the furnace pressure indicator/controller and the pres- 
sure recorder. 
used to On this kiln the optimum amount of excess air for a 
vill, minimum fuel consumption is that given by an oxygen 
control content of about 0-5% in the exit gases. Fuel is wasted 
both above and below this value, but more so at lower 
levels. It will be seen that to avoid insufficiency of air, 
on manual control the oxygen content averages about 
1%, with a range of + 1% due mainly to fluctuations 
in fuel quality. On automatic control, however, it is 
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Fig. 8a Manual control—large fluctuations 
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Fig. 7 Recorders and control equipment in dust-free 
atmosphere 


possible to operate at the optimum level of 0°5% of 
oxygen with a variation of about + 0°1%. 


Future developments 


Refinements in the existing methods of automatic 
control are continually being investigated, together with 
new methods for all stages of manufacture. In particular 
it is hoped that automatic control equipment may be 
used for the adjustment of the chemical composition 
and moisture content of the slurry. 





Fig. 8b Automatic control—small fluctuations 





PART 2 If satisfactory e.r.s.-gauge bridges 


are given, mechanical design 


assumes paramount importance 


Load cells in 
industrial weighing 


by R. B. SIMS, 8B.SC., PH.D., M.I.MECH.E., A.INST.P. 





Davy and United Engineering Company Limited 


Introducing the subject last month, we narrowed down 
the discussion to the e.r.s.-gauge type of load cell. 
Having formulated their general equations, we went on 
to consider the accuracy of such load cells, and began 
an analysis of the errors due to e.r.s. gauges. At the end 
of Part I we were considering the effects of electrical 
overloading. 

If the maximum safe current of the load cell is ex- 
ceeded, its output at zero load (Z) becomes unstable 
and the random changes in Z increase rapidly if the 
current is increased. This zero drift is due to the fact 
that each gauge of the bridge has a different capacity 
for heat dissipation. After the rated maximum current 
is exceeded, the thermal stability of the bridge is upset 
and the gauge wires become heated at differing rates. 
The effect is discussed by McFarland and Dimeff (8). 
In very highly accurate systems similar to that shown in 
Fig. 25 which indicates to an accuracy of + 10]b in 
30,000 Ib a curious phenomenon can be seen when the 
load cell is loaded and unloaded. On sudden unloading 
(i.e. in a test machine during calibration) the indicator 
shows a small positive displacement proportional to the 
applied load which disappears after about 30s. The 
maximum error is about + 15 1b, and careful checking 
shows that it is caused by heating of the measuring 
element due to the release of elastic energy as the load 
is removed. 


Operation above rated temperature 


Most manufacturers place an upper limit to the work- 
ing temperature of their load cells. This limiting value 
is decided by the drift which occurs owing to interference 
with the heat dissipation from the gauge wires; the 
reduction in the strength of the bond between the e.r.s. 
gauges and the elastic measuring element, and the fall 
in the insulation resistance to earth in the load cell. The 
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first of these limiting factors has been discussed above; 
the second is a function of the adhesive used. If a nitro- 
cellulose adhesive is employed, creep at maximum load 
is appreciable above about 27°C, and this temperature 
cannot be exceeded in load cells in which it is used 
without the risk of substantial zero drift. Where thermo- 
setting resins are used, such as Araldite 15, a working 
temperature of 45° is permissible, but not advisable 
unless the ambient temperature is kept uniform. At high 
ambient temperatures, large rapid fluctuations fre- 
quently occur in practice, giving rise to non-uniform 
heating in the load cell, and, as discussed above, these 
are reflected in variations in the zero. The third factor, 
the loss of insulation with temperature, is important 
and rarely appreciated. At temperatures over 60°C the 
insulating properties of most adhesives are impaired. 
The insulation of the e.r.s. gauges from the elastic 
measuring element is provided by the adhesive, and 
should be maintained above 100MQ. If a load cell is 
heated it will be found that the insulation falls rapidly 
with temperature (9) until at 100°C it is less than 
10 MQ. Provided that the load cell has not been over- 
loaded at those high temperatures, it will return to its 
original zero output and high resistance to earth when 
it cools to room temperature, and is unloaded. The 
properties of two adhesives are listed below, the results 
being obtained from one gauge bonded to a steel test 
strip. 


TABLE 1 


TEMPERATURE ARALDITE 15 NITRO-CELLULOSE CEMENT 


c INSULATION MQ INSULATION MQ 
60 > 1000 > 1000 
70 700 600 
80 350 200 
90 250 70 


95 200 50 
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Main mechanical troubles 


Referring again to Fig. 4, the main sources of mech- 
anical troubles in e.r.s. gauges are in the interwire 
separation, and the spot welds. The area occupied by 
the gauge wire must be kept fairly small, whilst the 
gauge resistance should be about 2002 minimum if a 
reasonable current is to be carried. Thus with wire 
(001 in. dia. (0-025 mm) the gauge area is usually 0-125 
in. X O-Sin. (3 X 12°5mm) and the separation is about 
0-015 in. (0-375 mm). The stresses at the bonds in the 
wire at each end of the ‘ gridiron’ pattern are consider- 
able. If the separation is decreased the wires may touch, 
or the insulation between them break down at elevated 
temperatures, and creep may occur as the ends pull 
away under heavy strain. The gauge may vary inter- 
mittently in resistance on a short-time basis if the spot 
welds are not made properly, and failure at this point 
is not uncommon in inferior gauges. The reason for 
the conventional use of wire 0-001 in. dia. is not known, 
and most e.r.s. gauges would be better for the use of 
thicker wire. 

It cannot be emphasized too strongly that the most 
rigorous control must be exercised in all the stages of 
e.r.s. gauge manufacture and application. Such inspec- 
tion is costly; experienced personnel must be employed, 
and rejects must be expected; some of them after the 
manufacture of the load cell is well advanced or even 
complete. This naturally makes the load cells more 
expensive than might be anticipated at first sight; but the 
reliability of the delivered product should more than 
amply compensate both manufacturer and user. 


ERRORS DUE TO LOAD-CELL DESIGN AND APPLICATION 
Once the technique of forming a successful e.r.s. 
gauge bridge has been acquired, the mechanical design 
of the load cell and its installation becomes of para- 
mount importance. Errors due to faulty design may 
occur, and the following points must be watched: 
1. The load-cell design must ensure that the output 
is linear with load. 
2. Under industrial conditions unsymmetrical load- 
ing must be expected and the design should be 
arranged to accept all possible distributions of load 
with the minimum of error. 
3. Side thrusts cannot be avoided in practice and 
the load cell should be designed accordingly. 
4. Where excessive side thrusts (such as wind loads 
on structures) are unavoidable, an adequate system 
of tie rods must be provided which does not affect 
the measuring accuracy of the system. 
5. Load cells must be designed with maximum 
thermal capacity to shield the e.r.s. gauges from non- 
uniform heating. Alternatively, water cooling must 
be provided. In accurate systems allowance must be 
made for the effect of temperature on the elastic 
modulus of the material from which the elastic 
measuring element is machined. 
6. E.r.s. gauges must be proofed against ingress of 
water which will quickly put the load cell out of action. 
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7. Tanks and similar structures must be supported 
kinematically so that elastic and thermal distortions 
can occur in them without damaging the load cells. 


Proportionality between output and load 

Given good mechanical design and the correct choice 
of gauge wire (see 1. under Errors due to e.r.s. gauges 
above) no load cell should have a non-linear relation- 
ship between load and output. It is impossible to draw 
up a set of rules for load cell design. The non-lineari- 
ties which exist in a completed cell are due almost 
always to errors in detailed stress analysis and not to 
major design faults. Frequently they are discovered 
only when a new design has reached the prototype 
stage, and then only after detailed testing. An early 
proving-ring type of load cell is an example of non- 
linearity due to faulty mechanical design (Fig. 6). In 
order to achieve economy in manufacture the load was 
applied to the forged steel proving ring through two 
anvils dowelled to its neutral axis, whilst the e.r.s. 

a 


eur 
L 
Gauge es 
h 


zone 


Fig. 8 Column- 

type  load-cell, 

shown schemat- 
ically 


F 

gauges were bonded on the horizontal diameter. It was 
found to be about 0-2% non-linear, and the zero was 
not completely stable owing to small and irregular 
changes in the attitudes between the anvils and the ring 
which varied the strain distribution in the region of 
the gauges. Therefore the load cell no longer conformed 
to Hooke’s law, which is fundamental to all successful 
designs. It was eventually abandoned, since the truly 
linear solution involved machining the ring and anvils 
integrally, and required elaborate precautions to ensure 
uniform axial loading. It was, therefore, an uneconomi- 
cal design when compared to the alternative methods 
available for measuring small loads. 

A linear load-cell is essential when attempting very 
high accuracies. The accuracies achieved with properly 
designed cells using a standard self-balancing potentio- 
metric indicator, is + 0-3% of full load, at any load, 
and nearly all the error comes from the indicator. In 
an installation designed to measure 100 tons, therefore, 
the accuracy would be + 300kg at any point of the 
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scale. For many applications such accuracy is inade- 
quate, and scale expansion must be used; a technique 
discussed in detail below. Accuracies of better than 
+ 0-05°, of full load, at any load, may then be achieved 
by offsetting part of the output against a network of 
precision resistors, and measuring only a small part of 
the load on the potentiometric indicator. If, in the 
above example, a load of 100 tons is to be measured 
to high accuracy, the scale would be divided into five 
ranges of twenty tons, and the indicator scaled 0-22 
tons, reading to an accuracy of + 0-3% of the span 
or + 66kg. When a load of 86 tons is to be weighed, 
the load-dividing switch is set to eighty tons. This backs 
off the load-cell output against a precise potential 
equivalent to eighty tons, and the remaining six tons 
is then displayed on the indicator to an accuracy of 
better than + 66kg, i.e. to an overall accuracy of 
+ 0-06°, of the 100-ton span. Accuracies of this order 
can be achieved with relatively simple circuitry only if 
the load cells are strictly linear, since the sensitivity of 
the potentiometric indicator is fixed and must be equi- 
valent to a load of 22-0 tons whether the load is in the 
range 0-22 tons or 80—102-0 tons. It is true, of course, 
that non-linear measuring circuitry can be devised to 
correct for non-linearities in the load cells, but the 
complexity is then formidable, the equipment costly 
and difficult to check and service, and the load cells 
are not interchangeable. As an example of the linearity 
of modern load cells, the installation shown in Fig. 7a 
and 7b may be quoted. The hydrofluoric acid storage tank 
mounted on four load cells has an all-up weight of 
eighty tons, and a capacity of 50 tons of liquid. The scale 
is graduated 0-50 tons and 0-5 tons, so that up to five 
tons of acid can be dispersed to an accuracy of 
+ 0°03% of full load, at any load. The load cells are 
interchangeable and the circuit is simple enough to be 
serviced on a routine basis. 


Distribution of load 

The problems associated with load measurement 
when the loads are distributed non-uniformly on a load 
cell are considerable. The commonest design of load 
cell is shown in Fig. 8, and will be referred to here as 
the column type. In deriving equation 5 the assumption 
was made that the strain at the gauges, e = F/=xr*E, but 
this is true only if the load is uniformly distributed over 
the e.r.s. gauge zone. 

St. Venant’s principle states that a stress distribution 
can only be considered constant over a uniform section 
of a body when the section is more than about six 
diameters away from the point of application of load. 
This would imply that, for accurate measurement, the 
gauge area in the column-type load-cell in Fig. 8 must 
be a distance greater than 12r from the top of the load 
cell, and since a uniform distribution cannot be guaran- 
teed over the base of the cell, the total height A of the 
instrument would need to be of the order of 24r. 

It has been shown experimentally, however, by Sims, 
Place and Morley (4), and theoretically by Bishop (/0), 
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that the stress distribution over the gauge area is reason- 
ably uniform when the ratio h/2r > 1-15. The speciai- 
ized loadmeters built by the author’s company for 
rolling mill applications are designed around this criter- 
ion, but research has shown that accurate measurements 
are not possible with a simple four-gauge bridge as 
shown in Fig. 1. Instead the eight-gauge bridge shown 
in Fig. 9 is used, and this gives a closer integration of 
strain over the elastic measuring element. Nonetheless, 
in designs using a criterion of h/2r = 1:2 it is not pos- 
sible to achieve absolute accuracies closer than + 2% 
with non-uniform loads with the simple eight-gauge 
network; the greatest errors occurring when the load is 
concentrated on a small area in the centre of the meas- 
uring column, and this, unfortunately is the most usual 
load distribution met in practice. Attempts have been 
made from time to time to improve accuracy on these 
short-column load-cells by using more sophisticated 
gauge arrangements, but without great success. On the 
other hand, with a load distributed uniformly over the 





Fig. 9 Ejight-gauge load-cell bridge and circuit 


surfaces of the loadmeter, with an eight-gauge net- 
work, and with an h/2r ratio > 1-15, the linearity will 
be closer than + 0°07% of maximum rated output, at 
any load. 

If measuring accuracies of the order of + 071% or 
better are to be attempted under any load distribution, 
it is essential that h/2r > 3 and this requirement intro- 
duces special problems into the design of column-type 
load-cells designed for rated maxima of less than about 
100 tons. The design problems occur when a cell is sub- 
jected to side thrust. In practical systems it is almost 
impossible to avoid some side thrust, even when tie 
rods are fitted to the structure to absorb it, since the 
compliances of such devices are large. Moreover they 
add to the overall cost of the installation. The simplest 
method of applying load cells to a structure, therefore, 
is to bolt them to a firm foundation and anchor the 
structure to them in a kinematic fashion, allowing the 
structure to move freely with load and temperature 
changes, but restraining it from any other movement in 
the horizontal plane. Such a method of support must 
clearly impose considerable side loads on the load cells. 


To be continued 
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PART 2 


Pressure differences down to 


0-005 inches of 


mercury are recorded without difficulty in a system 


that can handle 288 pressures in 614 seconds 


Digital recording 


in multipoint pressure surveys 


in Part 1 (page 110 last month) we.explained the need 
for a fast and accurate method of recording pressure 
distributions on models tested in wind tunnels, and 
opened an account of the system used at the A.R.A. 
First we described a pressure transfer valve which 
makes it possible to connect one transducer to each of 
48 inlets in turn, and then we provided details of the 
pressure transducer and measuring system.* Finally, we 
gave a description of the shaft digitizer* and relay store. 


OPERATION OUTLINE 

In order to use the maximum punching rate of the 
Creed machine, the control of the six Scanivalves is 
divided into three separate channels which are dealt 
with sequentially. Thus during each recording cycle, 
three pairs of Scanivalves are stepped individually, 
while the Speedomax recorders are interrogated at the 
same times, allowing the reperforator, always two opera- 
tions behind each channel (Fig. 7), to punch continu- 
ously. The use of fewer than six channels does not 


*As most readers probably guessed, there was an unfortunate interchange of 
blocks and captions in Part 1. The self-balancing recorder shown in Fig, 4 is 
actually the Speedomax, while the components in Fig. 5 are parts of the 
digitizer. We apologize for this inadvertent transposition. —rprToR, 
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affect recording time since the tape format must be 
adhered to rigidly for computing. 

A signal can be supplied automatically by each 
Speedomax, indicating that a balance has not yet been 
reached. This signal is arranged to inhibit digital interro- 
gation and punching until the Speedomax servo-motor 
ceases to hunt. Oscillatory pressures, which are not un- 
common with certain model shapes, are liable to pre- 
vent the recorders from balancing within the normal 
time. For this reason provision has been made for the 
overriding of the off-balance signal. Operation of this 
facility is recorded by a side pen drawing on the 
Speedomax chart. It is hoped to develop some means 
for discrimination between small oscillations and a gen- 
uine lack of balance in the near future; this will obviate 
the necessity for manual overriding. 

In order to avoid wastage of tape and time in both 
computation and tunnel running, facilities have been 
provided to preset the number of pressure points to be 
recorded from each Scanivalve up to the maximum of 
48 provided. This number of points (27) is punched on 
the tape for computation and record purposes. 

For the majority of tunnel tests it is necessary to 
record aerodynamic forces and moments (on cards 
(/0)), as well as pressure distribution. In these cases it 
is desirable that both recording systems should be 
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under the control of one person. To this end, a remote 
control facility has been incorporated in the force read- 
out console, with monitor lights indicating when the 
unit is ready, and the presence of a fault. The Creed 
reperforator has been modified to ring a bell when there 
is sufficient tape in its magazine for six further full 
scans. Despite this, it is considered desirable that an 
operator should be present to watch the more compre- 
hensive monitor lighting system on the rack itself and 
check that the chart readings, while sufficiently large 
to permit of accurate recording, do not exceed the size 
of the scale. 

The use of a repeater link to drive the recorder charts 
is dictated by the requirements of other departments 
using the instrument. The transmitter, which is located 





. and is driven 


in an auxiliary unit, operates on 24 V d.c 
through a gear train by a small reversible shunt motor 
to give a chart speed of approximately 10 in./min. 
These chart drives can be switched to operate forward 
automatically during each recording cycle, or at any 
time to be driven forward or in reverse from the same 
switch. 


TAPE LAYOUT (Fig. 8) 
Reference information 


Since the tape format produced by the recorder must 
fit into the existing record system used for computation, 
reference numbers indicating the model configuration, 
test number and scan number are punched in binary 
coded decimal form at the beginning of the tape. Also 
punched in the same way are the number of the pres- 
sures recorded (2m) and up to six further decimal digits: 
one at the start of the tape record and two groups, of 
four and one, at the end. These additional digits may 
be used for any extra information required, or sup- 
pressed altogether. 

It will be noticed that all binary data are divided 
into blocks of seven 5-bit characters; thus allowing 35 
bits per block. These blocks are built up into 35-bit 
words in the Zebra computer which uses the first 
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and last bits for programming purposes. Each word so 
formed may then be placed in its appropriate address 
in the computer’s magnetic store. 

The words are further broken down, according to 
type, later in the programme. 


Computer instructions 


Immediately after the decimal information at the start 
of the scan, space is provided for one 35-bit store in- 
struction needed for the computer’s programme; this is 
wired in semi-permanently as it is expected to require 
changing only infrequently. A similar instruction is 
wired to be punched at the end of the scan, followed 
by seven blank characters also for computational pur- 


poses. 


Fig. 7 Timing chart 


Auxiliary data 

For calibration and records, facilities have been 
provided for the inclusion of up to six eleven-bit binary 
words to be punched at the start of each scan immedi- 
ately after the first store instruction. This data is auto- 
matically repeated after the last pressure reading and 
can thus indicate any changes in the parameters it 
represents since the start of scan. The data usually re- 
corded in this manner are the two tunnel speed pres- 
sures from the digitized beam manometers and a selec- 
tion of such information as model incidence and roll 
angles, tunnel temperature, model base pressure and 
Mach number. These digitized readings are stored in 
binary code on relays in a specially developed decoder 
store (3), which can supply information to either the 
automatic pressure recorder or the force read-out sys- 
tem (/0). Interlocks are provided to prevent both 
systems from interrogating the decoders at once. This 
type of decoder/store requires 300 ms to take its read- 
ing, but is only called upon to operate at a moment 
during the scan when it will not waste any time. 


Pressure data 


Each of up to six type-H Speedomaxes has a shaft- 
position digitizer mounted on its slide-wire wiper shaft. 
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The interrogation pulse for each pair of decoders also 
operates a relay on both Speedomaxes which removes 
the supply to the reference winding of the two-phase 
servo-motor, thus momentarily freezing the slide-wire 
position while the digital reading is converted to pure 
binary and stored. The stored eleven-bit binary number 
now appears on the scanning uniselector as shown in 
Fig. 8 in such a manner that ones are represented by a 
voltage of 110 d.c. and noughts by an absence of such 
potential. The sensitivity (S) or range in use on the 
Speedomax is also stored in the decoder and punched 
in the position indicated, in binary except for range 4 
(20 mV f.s.d.) which is represented by the binary num- 
ber 110. It will be seen from the diagram, Fig. 8, that 
each pair of digitized readings and sensitivity markers 
is contained within a seven-row group of 35 digits separ- 
ated by one five-hole blank character. This will allow 
for the insertion of one single-character marker per 
pair of readings for any purpose. 


MONITOR AND CONTROL FACILITIES 

Control unit 

The single 54-ft rack containing the equipment (Fig. 
9) has at its centre, a panel fronting the scanning com- 
ponents and supporting the Scanivalve controls and in- 
dicator lights. For local control a ‘start’ button is 
provided and an adjacent three-colour signal lamp indi- 
cates that the unit is ready locally (blue), ready and con- 
trol given to remote operator (green) or that the force- 
read-out system is in operation (amber). Each of the 
three Scanivalve control channels is provided with a 
three-position centre-off toggle switch for either manual 
stepping or homing its two Scanivalves. A three-colour 
signal lamp indicates that the Scanivalve(s) are home 
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A typical initial decimal record 





Auxiliary data 


Pressure data —»> 
Binary data layout 
Fig. 8 Tape layout 
(green), stepping (blue) or that they have become out 
of step with the system (red); in this latter case further 
scanning is temporarily inhibited until the Scanivalve is 
brought into step manually. 


Parameter switchboard 


This unit is situated immediately above the control 
unit and controls punching of the six decimal digits 
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mentioned previously. Above the right-hand rotary 
switch is a small push-button which is operated to in- 
dicate that the switch beneath it has been set correctly. 
Operation of this switch also gives a ready signal to the 
remote operator and the number set will be punched in 
the initial decimal scan on starting the recorder. To 
the left are the switches for one four-digit and one 


Fig. 9 Rear of 
control rack 





single-digit number which are punched in the final 
decimal scan after binary recording is complete. This 
second additional data facility may be suppressed by 
the operation of a switch at the rear of the switchboard 
panel. When using this facility, the five switches in- 
volved must be set correctly before or during each 
scan, and the button above them pressed. Failure to 
press the button will cause a red lamp to flash regu- 
larly, and the final decimal recording will be inhibited 
until it is so pressed. 


Counter unit 


Sited immediately above the parameter switchboard 
is the unit which deals with all decimal punching. Two 
scanning uniselectors are provided; one to operate at 
the start of each record and a second one to complete 
the scan. 


On the appearance of a start signal, the first scanner 
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operates and punches numbers in binary coded decimal, 
thus: 


Four blank characters for computing 

Positive sign for computing (Zebra Input 
Code) 

2n Two-decimal-digit even num- 
ber denoting the number of 
pressures to be recorded up a 
maximum of 48 

Positive sign 

Reference Six - decimal - digit number 

giving relevant model, confi- 

guration and tunnel run num- 

ber 

Positive sign 

Scan Four-decimal-digit number in- 

creased by one each time the 

unit is operated 

Positive sign 

r Single-digit number switched 
from parameter board 

Positive sign 

- Cancel (five holes) sign indicat- 

ing end of decimal information 

B Store instruction follows (Zebra 
Input Code) 


The reference number is set up by six manual switches 
wired to give a four-line binary output to each of six 
banks on the uniselector. The scan number is supplied 
by a three-decade uniselector counter giving a four- 
line output to each of three further banks on the scan- 
ning uniselector. Provision has been made for an extra 
decade to be added later if necessary. The succeeding 
scan number to be punched is monitored on a four- 
decade lamp display mounted on the front panel. It is 
possible to return this number to 0001, but this facility 
is not controlled on the panel for general use, as it 
was found desirable to retain continuity between suces- 
sive runs with each model. After the second punching 
of the six auxiliary data words, the opening store in- 
struction is inhibited, leaving seven blank characters, 
after which the second decimal uniselector is started. 
Wired into this is a further instruction followed by a 
positive sign, which indicates the end of binary data 
recording and prepares the computer for further deci- 
mal information. 

For computation this is followed by seven blank 
characters and then: 


Positive sign 


s four-digit decimal number 
Positive sign 


p single-digit decimal number 
Positive sign 


cancel sign 
These last parameters are optional, and, as explained 


earlier, may be suppressed, giving a further sixteen blank 


100 


characters following the last instruction. The next scan 
follows immediately. 


POWER SUPPLIES 
Six different potentials are used by the equipment 

four of these, namely 110 V d.c., 115 V a.c., 50 and 24 
V dc., are supplied and switched by a power unit 
mounted on the digital rack; and the remaining two, 
110 V a.c. and up to 12 V d.c. stabilized and regulated, 
for the Speedomax amplifiers and Statham transducers’ 
exciting voltage respectively, mounted in each triple 
Speedomax cabinet. 


Digital equipment power unit 

A 500 VA mains transformer supplies a metal recti- 
fying circuit followed by a 50 c/s smoothing filter for 
the punch solenoids circuit. The reperforator’s motor 
is supplied by a type-A.100, 115 V transformer. Opera- 
tion of the mains switch supplies current to both of the 
aforementioned transformers, and the coil of a K3000- 
type a.c. relay, the contacts of which interrupt the supply 
at 3 A from the main external 24 and 50 V d.c. power 
packs. Thus, all these potentials can be switched off 
by the mains switch in an emergency, but this is not 
desirable since a large inductive load could be broken 
by the low-voltage switching relay, causing damage to 
its contacts. Each supply, including the mains, has its 
own indicator lamp and switch; fuses at the appro- 
priate rating are provided under each lamp. 


Speedomax cabinet supplies 

An individually screened supply at 110 V a.c. is pro- 
vided for each Speedomax amplifier in its mounting 
cabinet. The three Statham transducers used by each 
cabinet are supplied from a Solartron transistorized 
power unit, type-AS 759.2, situated near and screened 
from the a.c. supplies. These Solartron units are each 
fully adjustable up to 12 V d.c. to allow for their pos- 
sible use with other transducers: for Stathams they 
are adjusted to supply 4°5 V d.c. 

With an output resistance of less than -01 © and stabi- 
lization factor of 200: 1 the AS759.2 is eminently suit- 
able for low-level d.c. work such as this. Noise and 
ripple is found to be well inside the manufacturers’ limit 
of 1 mV peak-to-peak. 

PERFORMANCE 
Accuracy 

Under normal tunnel running conditions it has been 
found that the equipment is capable of repeatability to 
+ 0°1% f.s. from day to day. In the light of experience, 
it is expected that better than +0°05% could be 
achieved without difficulty. 


Recording time 


From the foregoing it can be seen that the equipment 
functions in five phases. These distinct operations are 
tabulated (Table 1) together with the average times 
occupied by each. 

From the table it can be seen that the total time 7 
required for a complete recording using any number of 
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Scanivalves up to a maximum of six and allowing for 
no time wastage by oscillatory pressures or careless 
operating is given as: 


Ss as 
T=Rt+D+A,+A.+2nP+ or seconds 


48 


If all the Scanivalve positions are used, when 2n be- 
comes 48, then T = 61:25 s. Thus, if all six valves are 
used recording 48 points each (including 4 on each 
Scanivalve for calibration and marking purposes) 288 


by means of small reservoirs on each tube, but this is 
unsatisfactory because of space considerations and the 
fact that oscillatory pressures would not then be identi- 
fiable. As mentioned earlier, the off-balance detector 
can be over-ridden and the fact is automatically noted 
on the chart record. 


CONCLUSIONS 
The equipment described has been in use on the 
tunnel since May 1958, and has proved its own relia- 
bility in use in wind tunnel tests. From records of 


TABLE | Operation times 





SYMBOL PERFORMED BY 





OPERATION IN AVERAGE TIME OF REMARKS 
Reference punching | R 1 revolution of initial decimal U/S 1-21 s 
Auxiliary data recording A: 1 revolution of control unit U/S 3 1-03 s Simultaneous operation of force read-out system 
. , ‘ could waste up to 300 ms 
Pressure data recording P 2n revolutions of control unit U/S 2 2n X 1°19s This time could be greatly increased by the off- 
ii balance detector 
Auxiliary data check : f 
recording Az 1 revolution of control unit U/S 3 0-65 s A further time of 300 ms could be wasted by 
, the force read-out system 
Scanivalve homing Ss Relay GA 0-90 s y 
. : 7 for 48 points 
Counter homing ¢ Up to 2 revolutions of control unit 1-00 s 
; U/S1 for 48 points 
Final decimal parameter 
and store instruction ; 
punching D 1 rev. of 2nd decimal U/S 1-245 


are recorded in each scan at a rate of approximately 
310 points per minute. It will be seen from the graph 
(Fig. 10) that the constant recording time of decimal 
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° 


3° 


° 10 20 30 40 50 60 
Recording time 7, sec 


Fig. 10 Performance graph 


and auxiliary data causes the recording rate to rise 
with any increase in the number points used. 

In practice, wastage of time due to lack of balance 
at the recording instant ought not to require considera- 
tion as tunnel conditions should be steady before re- 
cording takes place; but it will be seen that any pres- 
sure which is continuously varying in an oscillatory 
manner within the response time of the pressure system 
and recorder will prevent continuity of punching. It 
would be possible to obtain a mean value for such a 
pressure by introducing lag into the pressure system 
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Time could be lost here by the operator’s failing 
to set up the parameter switchboard in time 


accuracy it has been found that pressure differences of 
down to +0°00Sin. of mercury can be recorded 
without difficulty, and results will be as good as the 
pressure sealing of Scanivalves used and the truth of 
the pressure connexions to them will allow. 

The only bar to a further increase in recording speed 
is the response time of the digitized chart recorders, as 
the space within models seldom permits the use of a 
full complement of Scanivalves. For this reason, a sys- 
tem based on the use of a digital voltmeter has been 
investigated and is currently being developed. It is ex- 
pected to record the pressures at the Scanivalve at a 
rate of ten points per second on each channel to allow 
pressure surveys during necessarily short blow-down 
tests. The use of a single larger range will obviate range 
changing between tests. 
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PART 2 


Concluding a review ot 
practical design criteria 


Gearhead ratio selection 
in servo-motor drives 


by THOMAS B. WEARDEN, B.SC. TECH. 


Vactric (Control Equipment) Ltd. 


We begin Part 2 with a summary of the treatment 
given last month. In Appendix 1 we illustrate with 
examples how the alternatives of ratio > optimum and 
ratio < optimum should be considered when choosing 
a standard ratio, while in Appendix 2 we show how an 
expression for the correct ratio can be derived on the 
assumption that the motor-speed : torque characteristic 
is linear. 


Summary 


The criteria influencing the choice of gearhead ratio 
in servo-motor—load drive systems have been considered 
and the approach to practical design work suggested. 
Detailed explanation has been confined to the more 
simple cases where there is a clearly defined design 
objective and a predominant load torque component; 
however the arguments presented may be extended to 
cases with conflicting design objectives and two or 
more load torque components. As with all practical 
design the principles involved in the problem must first 
be clearly defined—and understood—and their rele- 
vance to the design problem then considered together 
with economic and other factors which may influence 
the final choice of gearhead ratio and gearing system. 

APPENDIX 1 
Example | 


A load with inertia 1000 gcm* and negligible frictional run- 
ning torque is to be accelerated to an angular velocity of 300 
rev/min, using a size-10, 2-phase a.c. servo-motor (Fig. 2) 
(1,,=0°5 gcm*). It is proposed to use a standard-ratio inter- 
national frame size gearhead, for which a torque efficiency of 
80% can be assumed. Acceleration should be as high as pos- 
sible. 

Using the principle of inertia matching, the gear ratio for 
maximum acceleration would be: 
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1000 1 \+ 
N={ —xX— :1 
0°5 08 
= 50:1 


but with this ratio the maximum load speed would be approxi- 
mately 


motor no-load speed (rev/min) 





- rev/min 
gear ratio 


6500 





rev/min 


= 130 rev/min 
so that the angular velocity requirement is not consistent with 
maximum acceleration. 


(It is thus seen that, if a load speed is defined then maximum 
acceleration can be achieved only if the load inertia is ad- 
justed.) 

The gear ratio must therefore be defined as: 


motor speed when loaded by gearhead friction 





defined maximum load speed 
If a size-10 or size-11 international frame size gearhead is 
used, manufacturers data shows the maximum running friction 
torque to be 0°75 gcm, and the load running friction torque is 
defined as negligible. Examination of the size-10 motor char- 
acteristics shows that motor speed will be reduced by approxi- 
mately 100 rev/min by the application of a load of 0°75 g cm, 
and this may be regarded as negligible in the present case, so 
that the required gear ratio is then: 
6500 
300° 
on aa38 
The nearest standard ratio with a size-10 gearhead is 20:1 
so that actual maximum load speed is: 


00 
— rev/min 
20 


= 325 rev/min 
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if a standard ratio of 25:1 were employed the actual load 
speed would be 260 rev/min and in order to achieve the de- 
sired 300 rev/min the motor would have to be overrun, 
whereas if a 20:1 ratio is used the desired speed may be 
achieved by reducing the motor control phase voltage. 


Example 2 


A constant load of 8000 gcm is to be driven at 30 rev/min 
by a size-11 d.c, servo-motor. (Permanent magnet field, wound 
armature type.) 

Power required to drive load: 


Ver 
W,, = 30 X — X 8000 X 10-4 watts 

; 60 

= 2°5 watts 


Power required from motor (assuming 80°, gearhead torque 
efficiency): 


W = 315 watts 


From the motor characteristics (Fig. 3) it is seen that 3°15 
watts of output power are available when: 
motor torque = 40 gcm 
motor speed 7100 rev/min 


Therefore optimum ratio is: 


7100 
N =—!3:1 
30 


= 237:1 


For this application a size-18 international frame size gear- 
head will be needed and the maximum running friction torque 
will be 0°75 gcm: this may be neglected when compared with 
the motor torque. 

The nearest standard ratios available are 150:1 and 300:1. 
If 300:1 is selected, load torque referred to the gearhead input 
shaft is: 

8000.1 
— X —gcm 
300 08 

33 gcm 

so that motor speed 
istics) 

and load speed = 25:3 rev/min 

If 150:1 is selected, load torque referred to the gearhead 
input shaft is: 


7600 rev/min (from motor character- 


8000 l 
x — gem 
150 08 
= 66gcm 
so that motor speed = 6800 rev/min 
load speed = 45 rev/min 

and the required load speed of 30 rev/min can be achieved by 
reducing the voltage applied to the motor. 


APPENDIX 2 
Theoretical calculation of gear ratio assuming a linear motor 
speed:torque characteristic, for design objectives constant 
defined load speed and maximum load speed: if a linear 
speed: torque characteristic is assumed for a servo-motor 
(Fig. 5) then the motor equation is: 


®mM(no load) ' 
+ ———— rads/s 


Z, 


®y = ©m(no load) Ty 
M (stall) 
or 


T yristat 1) 
Tx ire —— {@m (no load) 


®©mMi(no load) 


— @y) g cm 


Power input to load is: 


Wi =1°* wy + Ty X 10% watts 
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@y, motor speed 


Ty, motor torque 
Tw (stati) 
Fig. 5 Form of servo-motor speed: torque characteristic 





; TP istatl) 
0 (@,) 


; 
©mi(no laod) 


ine teeth Gia) * es 10“ watts 


If the load has one significant torque component, such that: 
T,, = K,o," gem 
W,, = K,,,"*! X 10+ watts 
7 


Mistall) 


° f n+l . mn © ) l . [ 
. Kye, 0 (@yi (no toad) N.w,) No, 
©Mi(no load) 
* N* wo N.w K,, ©M(no load) 
. L Mino toad) 4 ae . . . @ 0 
a OL 
” Test all) 
. i 
[ ; —r K,, “M (no load) : 
©mMino load) \ 7H tne load) = @y, 7 > iim : 
0 Ty(statt) 
4 
=), 


and from this expression the optimum gear ratio may be 
calculated. (Gearhead running friction has been neglected in 
the above derivation. The method could be extended to include 
this parameter.) 

From the parabolic shape of the motor power: torque (Figs. 
2, 3) curve, it is seen that the peak motor power output is 
available when the above expression for gearhead ratio, N, 
has equal roots, i.e. 


l n 
4 K 


n 


; T w(statl) * @xi(no load) 


and the maximum possible output speed is: 


l ”n 1/(n+1) 
mn ts Tyistatt) * Mino toad) rad/s 
& Ra 


this being achieved when the gear ratio is: 
®Mi(no load) 


= 
--1 (max) 
Useful results for special values of n are: 


for n = 0, i.e. constant load torque 





0 T (stat) 
©L (max) io ee ©M(no load) 
4 r 
> 
2 Ty, 
when N=—-:- 
7 Tyistal 1) 


for n = 1, i.e. viscous friction load, 


( 0 Tristatt) * Mino load) t 
« seh NE Sickigiv° eg et needed nan a 
Li(max) 

4 K 


n 


} 

© (no load) K, - 
when N = ( ernie nen sci 
T 7 


M(stall) 


End 
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Pick-off . 


N News round-up last month 
| (page 136) there was a report 

of a visit to G.E.C. by an 
American trio of consultants. Called 
in by the Atomic Energy Division, 
these industrial psychologists have 
been advising on the ‘human 
engineering ’ aspects of a tender for 
the C.E.G.B.’s_ nuclear power 
station at Sizewell. I was very in- 
terested to meet this team at a press 
conference in London recently, and 
was amused as well as instructed by 
a clash of courtesies in the open- 
ing remarks. Dr. K. J. Wootton, 
who manages the Atomic Energy 
Division, suggested that the Ameri- 
can expression ‘human engineer- 
ing’ is a better term for the study 
than ‘ergonomics’, which is used 
in some British circles. A little 
later, unconscious of any gaffe, the 
leader of the American team said 
that he and his colleagues were not 
engineers but ‘ behavioural scien- 
tists °! These three consultants have 
certainly brought fresh minds to 
bear, for as well as not being 
engineers they have not previously 
done any work on nuclear power 
stations. But Dr. Wootton was 
surely right in saying that their 
subject—whatever one calls it—has 
been much more intensively studied 
on the other side of the Atlantic 
than over here, and I for one was 
very impressed by what the team 
had to say. Much of it may s‘rike 
one as common sense, after it has 
been said, but the astonishing thing 
about this kind of sense is its un- 
commonness. 


As Dr. Ely, the leader of the 
team, pointed out, an intelligent 
man is a good decider but a poor 
monitor. Dr. Ely advocated relief 
of boredom by such methods as 
making a man’s posture variable 
without affecting his lines of vision, 
moving men from department to 
department so that they can learn 
to take new responsibilities, and 
treating a tour of senior posts in a 
power station as one step to higher 
promotion in the C.E.G.B. He 
thought that a cathedral-like con- 
trol room created the wrong im- 
pression in operators, and wanted 
a sense of intimacy for them—a 
sense that they were really the ones 
in control. He regarded the opti- 
mum number of men as three, one 
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in charge and two assistants: or, as 
he put it, ‘One brain with six 
hands.’ Instrument panels should be 
arranged so that the human facility 
for pattern recognition is given full 
scope, and he demonstrated how 
the odd-man-out in a panel of in- 
struments can be made much more 
evident if a suitable array is used. 

The team suggests the use of a 
computer or simulator for three 
purposes: as an aid to the station 
physicist, as a device for training 
operators continuously to face 
emergencies of small or unknown 
probability, and as a predictor to 
help the operator in his choice of 
controlling action. 

I was greatly taken by the 
modest delivery of the Americans, 
and by the way in which they 
acknowledged as new to them, and 
valuable, some of the ideas sug- 
gested from the floor. I am always 
refreshed by contact with open 
minds. 


CCORDING to last month’s 
White Paper on _ defence 
(Cmnd. 952, Is.), a Welling- 

ton bomber of the 1939-45 war 
needed 5 kW of electric supply for 
its ancillary equipment, while a 
present-day V-bomber needs 140 
kW. The Matilda tank used a }-kW 
generator and this capacity has 
been quadrupled in the latest Cen- 
turion. The aircraft carrier H.M.S. 
Hermes can generate twice as much 
electric power as. the carrier 
H.M.S. Illustrious did. Hermes 
uses about 9000 valves in its air 
defence system ; ///ustrious had less 
than 500. As the White Paper re- 
marks, these increases give some 
measure of the last decade’s devel- 
opment in radar, automatic control 
and fire power. 


HE distinction between 
‘mechanization’ and ‘ auto- 


mation ’ is the first thing em- 
phasized by expositors of the latter, 
though for my part I am beginning 
to be a little doubtful about it. I 
find it difficult to dispute with those 
who hold that automation is merely 
a particular case of the general 
principle of mechanization. Cer- 
tainly the two seem to merge into 


each other at whatever boundary 
may be discerned between them. 
(No doubt I shall now be getting 
letters to tell me that the presence 
or absence of artificial feedback 
is the deciding factor!) Anyway, 
there is still a lot to be gained by 
straight mechanization. At a recent 
meeting of the S.I.T., Mr. T. A. 
Lucas of the S.E. Gas Board 
described—in a most engaging man- 
ner that many other lecturers could 
well copy—how conventional meas- 
uring and controlling equipment is 
used in the Segas cyclic plant. He 
pointed out that, where in 1949 
there were 1050 works, now there 
are 463; yet the potential capacity 
has risen 20% and the labour force 
has dropped 25%. But, as Mr. 
Lucas recently told the Editor, 
mostly the improvement is due to 
the novelty of plant, with some 
help from new controls. (Readers 
who are interested will find the 
Segas plant described by Mr. Lucas 
on pp. 64-70 of last August’s issue.) 


VISITED a large Midlands 
| em the other day and found a 

good example of an attitude 
that is, I fear, rather more common 
than many suspect. One of the 
processes at this firm’s establish- 
ment consisted of cutting lengths 
of material to a certain accuracy. 
Originally this was a manual opera- 
tion, and, as the process was run 
on a three-shift basis, the annual 
wastage was enormous. So a rather 
cunning little photocell system was 
devised, developed and _ installed, 
and the accuracy was improved 
more than fivefold. This was a 
great victory for the control engin- 
eer on the job, and he retired to 
his back room quietly to work 
out the annual saving that his 
brain-child would provide. But no 
saving of material was shown on 
the books, and, as far as the 
accountants were concerned, the 
expense of the control equipment 
had brought no benefit at all. When 
the astonished control engineer 
tackled the production people 
about this, they told him that they 
had needed the extra tolerance his 
equipment permitted. ‘We've been 
fighting for years to get some lee- 
way, and your gimmick has done 
the trick’. The control man could 
not refrain from the obvious retort, 
‘ That’s all very well, but you man- 
aged before’. Undoubtedly the use 
of automatic control in this case 
brought a gain somewhere, but the 
profit didn’t show in the ledgers of 
those who made the investment. 
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Determination of transient 


response from frequency response 


Graphical 


METHOD 2: Derivation from closed 
loop Nyquist diagram. 


Introduction 


For this method the closed-loop 
frequency-response locus is required, 
either from calculated or test results. 
The transient response to a unit step- 
input is determined, the input step 
being considered as a constant input of 
unity with a superimposed repetitive 
pulse such that f()=1forT, >t >T, 
and f(t)=—I1forT, > t > T, (Fig. 1). 


Pulsating 
component 





Constant input 





+1 
Zero 
to 
To Ty Ta Ts Time, sec 
i reales ; Scien 
Fig. 1 Constant input with super- 


imposed pulse 


During time intervals T, to T,, T, to 
T, etc., the function corresponds to a 
step input the amplitude of which is 
two units. Fourier analysis of the pulse 
gives 

St 


4 ~~ sinnot 
f(t) = —>— re) 
T n 


1 


where n is odd, and w = 27/T, 1/T 
being the repetition frequency of the 
pulse. The transient response to a 
unit step-function will be half that of 
the continuous unit function combined 
with the pulse, providing w values are 
selected so that the transient response 
is approximated to in time T,. 


Theory 


The constant term has zero fre- 
quency and its contribution to the 
transient response is given by the zero 
frequency response vector R,, illus- 
trated for the particular case in which 


| — 


— ..(2) 
6; pf + 


D+ 


~~ 
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DATA SHEET—16 


for control systems—5 


This locus is plotted in Fig. 2 as the 
frequency response locus, where p= 
jw. Eq. | implies 


4 ; sin3wt  sinSet 
f(t)}=—] sinwt+ —— 


5 


sinnwt 
+-—___ ..(3) 
n ] 


and this represents the pulsating 
part of the waveform: its effect on 
the output transient can be assessed 
term by term. This necessitates the 
location of an adequate range of odd 
w values on the locus, and this re- 
quirement should be anticipated in 
test or calculated results. The first 
term of Eq. 3, i.e. (4/7)(sinwt) con- 
tributes a term to the output of the 
form 

(6.): = (4/7)(Rsin(wt + ¢)) 
where R Z¢ is obtainable from the 
corresponding w point on the locus, 
(vector OA Fig. 2). Expanding gives 
(6. = 

(4/<7)[Reos¢sinwt + Rsingcoswt] 

=(4/7)[asinwt + bysinwt} 

where a, is the real part of vector 
OA and 5b, the imaginary part. The 
nth term of Eq. 2 gives 


4 sinnwt sinnwt 
(0.) =— | aa—— + by 
- T n n 


and the total output, including the 
constant term is 


eee) - 





T n 
n=1 


a 
4 a Si 
6. j | R,+— = ceased + 


wo 


4 N° db, sinot 
= > — se (4) 


T= 


n=1 


Summation of these terms by graphical 


N. G. MEADOWS 
Wimbledon Technical College 


assessment gives 6, but the procedure 
can be simplified, as 


a, Sinnwt b,, cosnwt 
—— and - 
n n 
are not independent. Considering 


negative values of time, for which 
the input is zero 


T — n 


zt 
- * a, sin(—net) 
(6) | nat See, 


n 1 


x 
-S= = | (5) 
T n 


n 1 


Substituting in Eq. 4 gives 


zr 
4 Xa, sinnot 
.=>— -—--—— (6) 


T y n 
n=1 


Hence real components only need be 
considered. 


Illustrative example 


To illustrate the practical applica- 
tion of the method, a single value of 
the transient-response of Eq. 2 for a 
unit step-input is derived. Selecting 
0-05 as the fundamental w value and 
extending the analysis to the 3lst 
harmonic gives, for evaluation for 
wt 15°, the following figures which 
show the computational procedure. 

(See table at end) 
From this data, from summation of 
terms in the final row, 


31 
4 sin(m15)° 
Dn 
— n 


- 
a 





n=1 
This approximates to the transient 
response @, at a time value derived 
from the fundamental w value of 0-05. 
Since wt = 15° = w/12 rad, t = 5-28 
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Real part 
xr > w=0-05 

DATA SHEET—16 

0-15 
seconds. In this example the transient 
response, by calculation, is Suns 

V3 7 
> i -— + I. 

6. = 1 — exp(-t 2 sin 5 t 3 ] - 
for unit step input. At t= 5-28 
seconds, @, = 1-04, demonstrating the \- 
validity of the graphical approach. 
For a step of magnitude 6; the gra- 
phical result is 6, 1-05 6:. The 
above procedure is continued for 30°, 
45°, etc. If the transient response is 
not adequately specified, a lower value 
of w must be assigned and the pro- 
cedure repeated. 
Fig. 2 (right) Frequency response locus 

for p jw 
TABLE I (below) Computational procedure for values up to n 31 
n 1 3 5 7 9 11 13 15 17 19 21 23 23 27 29 31 
dy 1:00 1:00 -99 -98 -96 — -88 77 “58 -36 “12 1 “22 3 33 = —-33 —-3] 
dy a - 
= 1-00 +333 -198 +14 -107 -08 059-39 ~=— 021. 006 —-005 —-01 —.912 —.012 —011 —-01 
n 
sin( 15) ‘259-707 -966 -966 -707  -259 259 707 966 ‘707 ‘1707 —-259 +259 707 966 -966 
dn . a . 
< sin(15n) -259 -234 -191 -135 -076 -021 —-015 —-028 —0-02 “004 “003 ‘003 —-003 -008 ‘O11 0-01 
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Unless otherwise indicated, all events take 
place in London. B.C.S. British Computer 
Society, Brit. I.R.E. British Institution of 
Radio Engineers, 1.E.E. Institution of Elec- 
trical Engineers, R.Ae.S. Royal Aeronauti- 
cal Society, S1.T. Society of Instrument 
Technology, I1.Mech.E. Institution of Mech- 
anical Engineers. 


TUESDAY 15 MARCH 

Fast-Response Transistor Chopper-Type 
Amplifier with Low Carrier Frequency by 
I. C. Hutcheon and D. Summers. 5.30 p.m. 
=e. 


WEDNESDAY 16 MARCH ; 
The Simulation of a Large Chemical Plant 
on an Electronic Analogue Computer by 
A. H. Doveton and K. C. W. Pedder. S.I.T. 
MONDAY 21—TUESDAY 22 MARCH 


Discussion on The Computer in Production. 
I.Mech.E. 


TUESDAY 29 MARCH 


Application of Transistors in Instrumenta- 
tion by G. G. Bloodworth, S.1.T. 


WEDNESDAY 30 MARCH 

Silicon Photo-voltaic Cells for Instrumenta- 
tion and Control Applications by V. Magee 
and A. A. Shepherd. 6.30 p.m. Brit.I.R.E. 


TUESDAY S—SATURDAY 9 APRIL 
Ninth Electrical Engineers Exhibition. Earls 
Court. 


THURSDAY 7 APRIL 

The Electronic Computer as a Unit in an 
Automatic Electronic Data Processing Sys- 
tem for Missile Trials by W. C. J. White 
and D. L. Overheu, S.I.T. 
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Novel Methods of Speed Control Applied 
to Standard Three-Phase Squirrel Cage In- 
duction Motors by G. K. Creighton and 
W. M. Somerville. 5.30 p.m. L.E.E. 


Preset Screwdown Control in Steel Rolling 
Mills by R. M. Epps. 5.30 p.m. I.E.E. 


Linear Electrical Machines by P. J. Lawren- 
son. 5.30 p.m. LE.E. 


The Work of the B.S. in Relation to the 
Radio and Electronics Industry by H. A. R. 
Binney. 6.30 p.m. Brit.I.R.E. 


FRIDAY 8 APRIL 

Symposium on Data Handling and Display 
Systems for Air Traffic Control. 5.30 p.m. 
S.1.T. (All wishing to attend must register: 
forms available on application to S.I.T.) 


MONDAY 11—FRIDAY 15 APRIL 

Short Introductory Course on Analogue 
Computing Techniques. Loughborough Col- 
lege of Technology. Details: Dr. H. Buck- 
ingham, Loughborough. 

WEDNESDAY 13 APRIL 

Guided Weapon Control by F. R. J. Spear- 
man. 6.30 p.m. Brit.I.R.E. 


MONDAY 25—FRIDAY 29 APRIL 
Ist International Compressed Air & Hydrau- 
lics Exhibition and 2nd European Fluid 
Power Conference. London. 


TUESDAY 26 APRIL 

An Experimental Transistor-controlled Com- 
ponent Selection and Testing Machine by 
Tr. C. Cardwell, J. R. W. Smith and G. H. 
King. 5.30 p.m. I.E.E. 

Control Section Annual General Meeting. 
6.15 p.m. Some Recent Advances in Indus- 
trial Electrical Control Techniques. S.1.T. 


TUESDAY 3 MAY 

Discussion on Teaching and Learning Mach- 
ines. Opened by C. E. G. Bailey. 5.30 p.m. 
L.E.E. 

TUESDAY 3—FRIDAY 13 MAY 

Mechanical Handling Exhibition and Con- 
vention, Earls Court. 

WEDNESDAY 4 MAY 

Computer Controlled Television Displays for 
Flight Simulators by J. N. Naish. 6.30 p.m. 
Brit.1.R.E. 


FRIDAY 6 MAY 

Discussion on Methods of Recording Meas- 
urements—Digital or Analogue. Opened by 
W. J. Perkins. 6 p.m. I.E.E. 


WEDNESDAY 11 MAY 
Radio Guidance in the Automatic Landing 


of Aircraft by J. Shayler. 6.30 p.m. 
Brit.1.R.E. 

MONDAY 23—SATURDAY 28 MAY ; 
Instruments, Electronics and Automation 


Exhibition, Olympia. 


LOOKING FURTHER AHEAD 
WEDNESDAY 15 JUNE—TUESDAY 5 JULY 

7th Annual International Electronic, Nuclear 
and Cinematograph Exhibition, Rome. 


FRIDAY 24 JUNE—FRIDAY 8 JULY eg 
International Machine Tool Exhibition, 
London. 


MONDAY 27 JUNE—WEDNESDAY 6 JULY 
Moscow Congress for Automatic Control. 
Details: Hon. Sec. Group B, B.C.A.C., c/o 
[.E.E. 


MONDAY I5—SATURDAY 20 AUGUST 
llth Congress of the International 
nautical Federation. Stockholm. 


Astro- 


WEDNESDAY 31 AUGUST—WEDNESDAY 7 SEP- 
TEMBER 

Annual meeting of the British Association 

for the Advancement of Science. Cardiff, 

S. Wales. 


MONDAY 5—SUNDAY 11 SEPTEMBER 
S.B.A.C. Flying Display and Exhibition. 
Farnborough. 


TUESDAY 13—THURSDAY 15 SEPTEMBER 
Sth International Instruments and Measure- 


ments Conference and Exhibition. Stock- 
holm. 
WEDNESDAY 19—WEDNESDAY 26 OCTOBER 


Interkama International Congress and Exhi- 
bition for Instrumentation and Automation. 
Diisseldorf. 
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Can machines do more of the work 
of the brain? Can they be taught 
to control industrial processes ? 


The ultimate basis of control 


by R. A. BROOKER, s.sc.(Lonp.), m.a.(cAnTas.) 


Computing Machine Laboratory, Manchester University 


ABOUT TEN YEARS AGO THE LATE ALAN TURING WROTE 
an article entitled ‘Computing Machinery and Intelli- 
gence’ (Mind Vol. LIX, No. 236, 1950) in which he 
considered the question ‘Can machines think? ” It is as 
stimulating to read now as it was then. In the course 
of examining various arguments to the contrary, includ- 
ing philosophical, mathematical, and physiological objec- 
tions, he proposed that the main question be replaced 
by the following criterion. Let the machine (and he had 
in mind, of course, 2 digital computer) be matched 
against a human opponent in the ‘imitation game’, 
which is played as follows. By means of a teleprinter 
link, an interrogator in another room can ask each of 
them any question he chooses. The interrogator must 
try to determine from their replies which is the person 
(and the person endeavours to help the interrogator) 
and which the machine. If the machine could keep the 
interrogator guessing, even for five minutes, then 
(Turing suggests) we would have to admit that it could 
‘think’. To give some idea of the performance he had 
in mind, he suggested the following conversation piece: 

Q. Please write me a sonnet on the subject of the Forth 

Bridge. 

A. Count me out on this one. I never could write poetry. 

Q. Add 34957 to 70764. 

A. (Pause about thirty seconds and then give as answer) 

105621. 

¢. Do you play chess? 

A. Yes. 

Q. I have K at my K1, and no other pieces. You have only 

K at K6 and R at RI. It is your move. What do you play? 

A. (After a pause of fifteen seconds) R-R8 mate. 


It was Turing’s belief that such a machine (with a 
storage capacity of at least 10° bits) would be realized 
within fifty years. Now that the Proceedings of the 


** The Mechanization of Thought Processes’, published by 


gar Se. for the D.S.1.R. in two volumes, price £2 10s. (U.S.A. 
A 
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N.P.L. Symposium on the ‘ Mechanization of Thought 
Processes’ have been published* it is interesting to see 
how near we are towards realizing this aim. Some pro- 
gress has been made, but the machines available now 
have little more storage (10°—10* bits) than the machines 
Turing was familiar with, and are only about a factor 
of ten faster. Machines under development (10° bits) 
will, I think, enable us to make a significant step for- 
ward, although we shall probably have to wait for a 
further round before we can seriously enter one as a 
player in the ‘ imitation game’. Turing was, of course, 
concerned with the purely intellectual aspects of thought 
processes. He made no suggestion that the machine be 
equipped with eyes, ears and a voice: but these are 
also associated with mental processes, and some of the 
contributions at the Symposium were concerned with 
speech perception and visual pattern recognition. The 
Conference, in fact, covered quite a range of activities, 
and was organized into five sessions; (1) General prin- 
ciples, (2) Automatic programming and language trans- 
lation, (3) Speech recognition and learning in machines, 
(4a) Implications for biology, and (4b) Implications for 
industry, the last two being parallel sessions. 


THE MAIN PROBLEM 

Strictly speaking only two papers (in Session 1) are 
concerned with a general attack on the main problem. 
The first of these, ‘Some Methods of Artificial Intelli- 
gence and Heuristic Programming’ by Dr. Marvin 
Minsky, is concerned with the creative aspect of mental 
processes. Whereas we have rules for deductive reason- 
ing, for inductive reasoning we have only suggestions; 
for example systematic searching, use of analogies and 
learning by generalization, use of sub-problems, etc. He 
develops the idea of building up within the machine a 
record of problem types and methods for solving them, 
listed perhaps in the order in which they are most 


107 








likely to succeed. Some of these notions are explained 
in connexion with a programme developed for handling 
some of the early theorems of Euclid. Thus at some 
stage in a search process the programme might need to 
show that two angles are equal, in which case it would 
refer to the problem method tables where, listed in 
order of priority, would be methods of which the goals 
are to show that the angles (1) are in congruent tri- 
angles, (2) are in similar triangles, (3) are alternate in- 
terior angles, etc. The author shows how such a pro- 
gramme would ‘prove’ that the base angles of an 
isosceles triangle are equal. 

Although deductive reasoning is regarded as a fairly 
mechanical task, in fact no machine has yet been pro- 
grammed to perform elementary verbal reasoning. John 
McCarthy’s paper entitled ‘ Programmes with Common 
Sense’ is concerned with just this problem. It describes a 
proposal for communicating with a computing machine 
in a combination of declarative and imperative sen- 
tences. This is in fact how one instructs a human com- 
puter: with declarative sentences describing a situation 
in which action is required, and with imperatives that 
say what is wanted. The intelligence, if any, wil! not be 
built into the programme, but embodied in the declara- 
tions. The programme will be called the * advice taker ’. 
One will be able to specify premises and the machine 
will draw conclusions Thus, for example, assume that 
I am seated at my desk at home and I wish to go to 
the airport. My car is at home also. The solution of the 
problem is to walk to the car and drive the car to the 
airport. However, even reasoning of this relatively 
simple order is quite a formidable task to simulate on 
a computer, and is less ‘ deductive’ than would appear 
at first sight. To operate at any reasonably sophisticated 
level the machine would have to accumulate some 
hundreds of thousands of facts (in the form of ‘ad- 
vice ’), and the decisive question of how it will pick out 
those facts which will serve as premises (in addition to 
those explicitly stated) is promised in another paper. 
Until this appears, however, one is forced to conclude 
that the author is only scratching the surface of the 
problem—which virtually amounts to teaching the 
machine to * understand ” English. 


AUTOMATIC PROGRAMMING 

In the next session we come to automatic program- 
ming. Here the machine is asked to help us in a very 
specialized domain of thinking, and in some respects a 
very appropriate one, namely preparation of its own 
computational programmes. The problem is to translate 
from the language in which the calculation is presented, 
mathematical symbolism, into commands which the 
machine can execute directly, i.e., the basic instruction 
code. The first paper (by Dr. Grace Hopper) is con- 
cerned mainly with business data processing. This is 
followed by an account of the Mercury Autocode pro- 
gramme, and the I.B.M. Fortran systems, 1 and 2. The 
Fortran translator runs to approximately 25,000 instruc- 
tions representing about eighteen man-years of effort. 
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It goes to great lengths (some would say unnecessary 
lengths) to rearrange the order of the calculation in 
order to produce an efficient target programme, for 
example, by eliminating common sub-expressions from 
algebraic formulas and optimizing the use of index 
registers. There is also an account of some Russian 
work in this field. This has proceeded on rather differ- 
ent lines from those followed in the west. One of the 
reasons for this, apparently, was the early lack of 
alpha-numeric input facilities, so that everything had to 
be encoded as a string of figures. However, it seems 
that there is no shortage of semi-skilled personnel to 
do this, so that programmers proper are free to use any 
notation they like, and are not restricted to the range of 
symbols found on a teleprinter keyboard, or to ‘ one- 
dimensional” line formulas. Thus workers in the field 
of automatic programming have been able to concen- 
trate on strategical problems in which they have the 
active support of many theoretical workers in logic. 
(Programming research counts as ‘ respectable” mathe- 
matics in Moscow University.) 

Typical of the problems they are thinking about is 
the following. Consider the series 


i= 2 x*/k! 
k=0 

If the terms are accumulated in the order shown, the 
general term would normally be evaluated by multiply- 
ing the preceding term by x/k—that is to say, a reason- 
ably intelligent programmer would do it this way. This, 
and similar problems involving the substitution of re- 
currence relations for functions of an integer, could in 
principle be solved by the machine itself. If so, then the 
programmer has only to write down the general term 
in closed form and leave the machine to work out the 
details. Surely a manifestation of intelligence! Some- 
body will doubtless remark ‘ yes, but it hasn’t done 
anything new, since you have told the machine how to 
do it’. This is perfectly true, but it must be pointed out 
that somebody has, at one time, also told the pro- 
grammer how to do it, since he has doubtless been 
taught the ‘step-by step’ principle, namely, always, 
when advancing a step, try and make use of informa- 
tion at the previous step. 


LANGUAGE 

Two papers were presented on language translation, 
and there was also a very brief account of some Rus- 
sian work in this field. Mr. Richens’ paper (* Tigris and 
Euphrates’) compares the semantic and syntactic ana- 
lysis of sentences, and discusses several current ideas 
for machine translation, such as the Thesaurus method, 
and his own suggestions for a formal algebraic inter- 
lingua of ‘naked ideas’. Dr. Brandwood’s paper, by 
contrast, was concerned with a particular problem of 
German/English translation, that of converting mascu- 
line or feminine pronouns to neuter pronouns, and vice 
versa. To do this the antecedent of the pronoun must 
be identified, which apparently is not always a simple 
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matter, Since the grammar books have little to say on 
this subject, Dr. Brandwood examined various scienti- 
fic texts, amounting to about 200,000 words, with a 
view to formulating some ad hoc rules for this purpose, 
These, when applied to a new text, gave the correct 
result in about 83% of the cases. He estimates that a 
more detailed investigation might result in 90% success. 
The human solution to this problem is, of course, to 
locate the antecedent by semantic congruence, and 
high-quality machine translation will certainly have to 
contain some semantic analytic procedures. 


INDUSTRIAL IMPLICATIONS 


In the session on ‘learning’ Dr. Andrew discusses 
how machines can be taught to control industrial pro- 
cesses. His paper is particularly interesting because it 
attempts to bridge the gap between the so-called self- 
organizing computers (of the conditional probability 
type) and the classical statistical approach to the prob- 
lem. This latter method is to set up an algebraic model 
of the equations governing the system and determine 
the parameters by regression, i.e., by fitting the model 
to the past performance of the system. This model is 
then used to predict the behaviour of the process for 
the current control settings and for variations in these 
settings. The techniques of linear programming would 
be used to find the optimum control settings. Since 
these calculations have to be done in real time, a fast 
computer is essential for this kind of work. It may be 
of interest to record here that the same approach has 
been used in a more abstract connexion to determine 
the best strategy for a machine to follow in playing 
draughts (‘Some studies in Machine Learning using 
the Game of Checkers’ by A. L. Samuel, I.B.M. Jour- 
nal of Research Development, Vol. 3, No.3, July 1959). 

Turning to other industrial implications, papers were 
presented on the use of machines for medical diagnosis, 
legal argument, and administration. Much of this 
material was pure speculation, and most of the pro- 
posals put forward would certainly not be feasible on 
existing machines or even on those under development. 
We may expect, however, that in all cases where the 
non-routine character of decision-making is due to in- 
complete knowledge of the facts of a situation, then 
computers may play a part: for example, by preparing 
an analysis of market prices, or by evaluating the con- 
sequences of following a certain economic policy. In 
other words, subjective judgements should as far as 
possible be replaced by objective judgements. 


HABITUATION 


I have selected above only those topics which seemed 
to me to bear directly or indirectly on the problem of 
programming Turing’s hypothetical machine, the 
means for constructing which may soon be available. 
However, there are many other interesting papers in 
these Proceedings which cover self-organizing systems, 
speech perception, pattern recognition, and biological 
studies. Of these last the very beautiful explanation of 
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habituation given by Dr. Ross Ashby deserves mention. 
In his most interesting paper, entitled ‘ The Mechanism 
of Habituation’, Dr. Ashby presented a theorem con- 
cerning the response of a fairly wide class of systems 
exhibiting states of equilibrium to a repeated stimulus: 

that successive responses tend to become smaller. The 
theorem also shows that, if the system is particularly 
rich in states of equilibrium, then the responses fall 
off exponentially. By the same reasoning he also explains 
the phenomenon of de-habituation, in which a system 
habituated to a monotonous stimulus will, if given a 
new stimulus, change so that the original stimulus will 
evoke a new response, greater than those resulting at 
the end of habituation. The theorem is not restricted 
to neurophysiological systems: any system (physical, 
mechanical or even abstract), which satisfies the postu- 
lates of the theorem, will habituate. Another interesting 
paper was that by Dr. McCulloch, who showed how to 
make reliable neuron* circuits from unreliable elements. 
More particularly he showed that by using three neu- 
rons to do the job of one, neuron circuits can retain 
their logical properties, or nearly all of them, in spite 
of common shifts of threshold sufficient to alter the 
properties of the individual neurons. The work was 
said to be inspired by a midnight conversation with 
the late John von Neumann, who, aware of the fact 
that alcohol changes synaptict thresholds, asked how 
it was that he could still drive his car after drinking a 
tumbler of whiskey. 


PATTERN RECOGNITION 


It is appropriate to mention the work being done on 
pattern recognition (for example of handwriting) and 
speech perception. This is essentially a statistical prob- 
lem because the patterns are not unique. Thus many 
millions of slightly different sets of stimuli will repre- 
sent the letter A. Similarly the acoustic equivalent of 
a particular phonemet may lie in a fairly wide range of 
frequency duration and intensity. In both cases a final 
decision can only be made on the basis of its lingual 
context, for example a doctor’s prescription can often 
be understood only by a dispenser. Such recognition 
problems are formidable and can only be attempted by 
extremely fast digital computers. However, a lot can 
be done by analogue equipment to process the visual 
or acoustic signals and reduce the number of decisions 
to be made at the contextual level. Computers them- 
selves will probably be used to design the recognition 
circuits embodied in such equipment, which, when per- 
fected, will provide computers with eyes and ears. (The 
task of providing it with a voice would be compara- 
tively trivial.) 


* The neuron is the structural unit of the nervous system. It is 
a nerve cell with all its processes. 


+ The synapse, which is the association between nerve cells in 
higher animals, acts as a polarizer and selector. Its state at any 
instant determines whether a nervous impulse shall go through it to 
the next neuron. 


t A phoneme is a group of variants of a spoken sound, usually 
spelt alike and taken to be the same sound, although varying a 
little with different neighbouring sounds. 
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A general treatment of all currently used 


relays, motors and pilot-stage transducers 


Hydraulic servos 


Introducing the subject in Part A last month, we gave 
reasons for taking hydraulic g.w. servos to form a dis- 
tinct branch of hydraulic control engineering. We 
considered where hydraulic systems are applied in 
missiles, and what are the demands made upon them. 
Having drawn attention to the reliance upon electrical 
signalling, we went on to state the basic properties of 
the hydraulic servos used. Finally we opened an account 
of components, pointing out that it may be inadequate 
to regard the amplifier as having an infinitely high 
frequency response. This is explained below. 


Torque motors 
Some typical torque motors are shown in Fig. 2. The 
torque motor is usually roughly linear in three variables, 
with the static characteristic 
T, = T, = ki—C¢ 
Dynamically the relation is 
Jo” + bb’ + Co + Ty = ki (1) 
The stiffness C may be thought of as due solely to an 
inbuilt magnetic spring. Additional springs built into 
the torque motor, or acting upon it through the valve 
mechanism, form a static load 
T;, = Ke (2) 
The static solution of equations | and 2 is evident in 
Fig. 3 as 
@ = ki/(K + C) = ki/K, say (3) 
The control valve itself may provide a very important 
part of the stiffness K in the form of a flow or jet reac- 
tion force and this too is discussed later. These static 
characteristics are used in steady-state design studies, 
for instance in the determination of maximum flow 
rate. 
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by P. D. BOYER, sB.sc. 
English Electric Aviation Ltd. 


Frequency response of amplifier and torque motor with 
valve as load 

In what follows, the significance of the inertia and 

damping values J and b is extended to include the re- 

ferred inertia and damping of the valve treated as a 
load on the torque motor. 

The amplifier is effectively a voltage generator driv- 

continued on page 112 


Fig. 2a Muirhead 
relay 


Fig. 2b Elliott W225/ 
8B torque motor 
with position or 
velocity _ pick - off. 
Weight, 235g 
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Note 
SYMBOL FIRST 

OCCURS IN 
b Eq. 1 
b Eq. 15 
f Eq. 60 
i 
i 
/ 
k Eq. 1 
k, Fig. 1 
A 
l Eq. 50 
p 
Pu Eq. 41 
din Eq. 41 
r Eq. 11 
t 
' Eq. SI 
“ Eq. 35 
x Eq. I1 
x Eq. 38 
J Eq. 10 
A 
B Eq. 40 
Cc 
Cc, Eq. 40 
Ca Eq. 35 
C., Eq. 14 
G. Eq. 30 
Eq. 41 
E Eq. 4 
E. Eq. 4 
F Eq. 50 
F., 
Fig) Eq. 47 
J Eq. 1 
J 
K Eq. 2 
K Eq. 41 
K, Eq. 3 
K, Eq. 64 
I Eq. 4 
L., Eg. 14 
L, Eq. 30 
M Eq. 40 
N Eq. 24 
P Eq. 49 
Fig. 9 
P, Fig. 9 
P 


Derivatives with time are indicated in this article by primes. Thus x’ 
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NOMENCLATURE 


SIGNIFICANCE 


Torque-motor damping coefficient 

Total damping coefficient referred to t.m. 
armature 

Operating frequency of servo 
Torque-motor current (series value) 

A small variation in i 

v(-)D 

Torque-motor torque sensitivity (87 / di), 
Pick-off gain 

Slope of valve flow-displacement curve 
at constant pressure drop 

Displacement a of a hydraulic ram 
Differential operator 

A small variation in P,, 

A small variation in Q,, 

Torque-motor effective crank radius 
Time 

Volume of oil in pipe between valve and 
actuator (per cylinder) 

Total valve orifice width at any given 
port 

Valve spool displacement; displacement at 
working point of torque-motor driving 
crank 

A small variation in x 

Torque-motor back e.m.f. per unit velocity 
Ram area 

Damping coefficient of the hydraulic jack 
or aciuator 

Torque-motor internal magnetic stiffness 
Stiffness of any spring load on the hydrau- 
lic jack 

Discharge coefficient of valve metering 
orifice 

Equivalent parallel capacitance in torque- 
motor motional impedance 

Equivalent series capacitance in ditto 


Volumetric displacement of piston per 
unit linear or angular displacement of jack 
e.m.f. due to t.m. driving amplifier, open 
circuit 

Torque-motor back e.m.f. 

Force output of hydraulic ram 

Some missile structural resonant fre- 
quency 

Servo-valve displacement-current transfer 
function 

Inertia of torque-motor armature 

Total referred inertia on torque-motor 
shaft 

Stiffness of total effective spring load on 
torque-motor, i.e. excluding magnetic 
spring 

Bulk modulus of elasticity of the oil 
Total stiffness of internal and effective 
external spring load on torque-motor 
Velocity per unit or Velocity Constant 
Electrical inductance of the t.m, with 
armature locked 
Equivalent parallel 
motional impedance 
Equivalent _ series 
motional impedance 
Inertia of the hydraulic jack and its load 
Some constant 

Pressure in a jack cylinder 

Cylinder pressure 
Cylinder pressure 

Oil system exhaust 
assumed zero 


inductance in t.m. 


inductance in t.m. 


pressure, often 
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SYMBOL 
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$1 
8. Bus Bi 


qv" e @> 


<<. 6 6 


€ 


FIRST 


OCCURS IN 


Eq. 44 


Fig. 


. 50 


14 


ye 


. 24 


29 
41 


pa 


. 47 


. 64 
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59 
50 


. 24 
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37 


60 


. 40 
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dx dx 
—, x” 
dt dt? 


, and so on 





SIGNIFICANCE 


Effective pressure drop across hydraulic 
jack. (Force/unit area is P-4P, in 3-way 
case) 

Oil system supply pressure 

Pressure drops across metering orifices 
1, 2, 3,4 

Valve orifice pressure drop 4[P,—P.—P,,,] 
in 4-way case 

Value of P, for which stiffness of spring 
is equivalent to flow reaction force=4K, 


Output flow from servo-valve into actuator 
Combined resistance of amplifier output 
stage and the torque-motor coils (arma- 
ture locked) 

Crank radius of rotary actuator 


Equivalent parallel resistance in t.m. 
motional impedance 
Equivalent series resistance in t.m. 


motional impedance 
Time constant of t.m. 
locked, L/R 

Torque output of a hydraulic actuator 
Periodic time of servo input signal 
Torque output of actuator as a function 
of g and f 

Torque on the t.m. 
alone 

Load torque on the t.m. 

Torque-motor output torque 

A time constant of the t.m. 

A time constant 

Volume of oil enclosed in an actuator 
cylinder 

Input signal voltage to servo 

Output signal voltage from servo 
Constant coefficient 

Constant coefficient 

Impedance of electrical analogue of Z,.,, 
Additional equivalent series impedance of 
t.m. associated with armature motion 
Mechanical impedance of t.m., 
unit velocity 

A constant 

Servo error 6-6, 

Steady state value of « 


with armature 


rotor due to coils 


force 


Mechanical ratio of t.m. 
b/2UK,)1/2 

Damping ratio of hydraulic actuator 
Displacement of a rotary actuator, out- 
put and input values 

Amplitude of sinusoidal jack displacement 


damping 


Peak value of @,, 

Steady-state value of 6’ 

Overal damping ratio of t.m. 

Oil density 

Slope of the flow-pressure curve at con- 
stant valve displacement 

Torque-motor angular displacement 
Phase lag between g, and @, 

A small variation in 6, 

Operating frequency (circular) of t.m. 
Open circuit undamped natural circ. fre- 
quency of t.m. (K,/J)! 

Overall undamped natural circ. frequency 
of t.m. 


Undamped natural circ. frequency of a 
rotary actuator 








HW 








Fig. 2c Torque 
motor used in 
Sperry Spacemaster. 
Weight, 45g 








Fig. 2d English Electric torque motor used in Thunderbird. 
Photograph shows stator and sectioned assembly (end plate 
with potentiometer pick-off removed) 


ing current through its own impedence and the series 
resistance and inductance of the torque motor. The 
torque motor is also a generator: it can in fact be used 
as a d.c. velocity pick-off. Thus the amplifier must 
drive the current against the back e.m.f. E,, generated 
by the torque motor. This back e.m.f. is solely depen- 
dent upon, and proportional to, armature velocity in a 
linear motor. We have 
i am fen Tae (R + pLyi (4) 
where R is the combined resistance of the amplifier 
output stage and the torque-motor coils and L is the 
electrical inductance of the torque motor, as it would 
be measured with the rotor locked. (Eddy-current losses 
require due allowance and are covered by checking the 
impedance at various frequencies in this condition.) 
Now E,, may be considered as due to an additional 
equivalent series impedance, the motional impedance, 
Zem SO that 
Zem = En /i (5) 
and 
E, =(R + pL + Zen)i (6) 


Following an analysis due to Laws (/) we assume that 
a given current produces a given torque on the rotor in 
all circumstances and that the two are proportional. 
Thus the torque on the rotor due to the coils (but not 
to any additional permanent magnets) is 
T. = ki (7) 

It is convenient to use c.g.s. and absolute electromag- 
netic units in what follows. Assume that the back e.m.f. 
per unit velocity is 

y = En/¢" (8) 
Since the power converted from electrical to mechanical 
energy is E,,i and the mechanical power transferred to 
the armature is T.¢’, then 
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To’ = Eni (9) 

y=k (10) 

En = ko’ = kx’ /r (11) 
Two transfer functions are of primary interest, viz. 
x/i and x/E,. These are found using equations 5 and 
11, from which 








x’ [i = rEm | ki = rZem|k (12) 
and 
x_* _ rEn _f., Zen 
Ee. pe, kpE, kp (R+ pL + Zen) 
or 
ates (13) 
2 : [ R+ | 
- . : Zem 


Laws has shown that Z,., is most conveniently repre- 
sented by an analogue consisting Of Lem, Com, and Rem 
in parallel. The impedance of such a network is 


Z,=- ot (14) 





1 : l 
a7 + joCem 7 Aer Gums 
em jolem 


The mechanical impedance of the torque motor, by 
definition force/unit velocity, is 


re =| ian to +] (15) 
Jo 





rr’ r 


from equations 1, 2, 3 and 7. 
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Fig.3 Idealized linear torque-motor field plot with static-load 
lines for a simple spool valve (no external springs, no Ber- 
noulli force reduction). Torque-motor stiffness, 66°6 g cm/°, 
ie. C = 3:75 X 10° dyne cm/rad. Torque sensitivity, 
40 g cm/mA (series), i.e. k = 39-2 X 103 dyne cm/mA, Valve 
port width w=1 cm. Discharge coefficient Ca=0-70. Torque- 
motor crank radius r=0-233 cm. Oil density p=0°85 g/cm’. 
Flow force =2 p Qv cos 69° (see ref. 9) > xP, = r@P, .*. load 
torque due to flow force T; = r?Pvg¢ =—K¢. ©. ¢ = (k/r?) 
i/(P. + C/r?), Q = Cawrg(2P./p)t = [Caw(2/p)!(k/r)]i 
(Py)3/(Py + Pe). 


Since 
Zem = Em/i = kd’ /(T./k) = k*g’/T. (16) 
then 
fen MEP Za, (17) 
oe Lem = k?/(joT + b + [K,/jo]) (18) 
This eq. 18 makes Z.,, calculable. Comparing eqs. 14 
and 18 it is seen that the equivalent series-parallel in- 
ductance, capacitance and resistance are given by 
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(14) 


(16) 
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Lem = k*/K,  (abhenries) (19) 
Cm = J/k? (abfarads) (20) 
‘Rem = k?/b (abohms) (21) 


Thus the individual components of the impedance do 
not conform to the conventional analogy between mass 
and inductance, compliance and capacitance, etc., but 
this does not prevent the analogue from being useful. 
However, it does mean that, for instance, L.,, should 
not be quoted as the equivalent inductance of the 
torque motor. 

The resultant transfer functions obtained using equa- 
tions 12, 13 and 18 are 


x k/J 
2. TKS | eb (22) 
i p — 2fonp + «*, 
rk 
x solinaecieat Se RK, - 
tol geri [Eee 
RK, K, K, &, K, 
(23) 


Eq. 23 is difficult to simplify except by direct arithme- 
tical methods, when it can be reduced to the form 

- N 

E, (1+ pT,)(Q,? + 2€Qnp + p?) 
Laws shows that, in certain instances, the response may 
be flattest and the damping ratio greatest (about 0°5) 
when ©, = 1/7, but the condition for obtaining this 
is complicated, viz. that 

JL(k*? + LK, + bR)*® = (JR + bL)*K,R (25) 

As a result 





(24) 


T, = 1/0, = OT /K,} (26) 


hen (A=) aif ] "7 
2 K, JT 


Much more use in practice can be made of the transfer 
i/E,. From eq. 6: — 
ne. 1/R 


E, 1+ pT + (Zem/R) 


and 


tien al 
Zem + pL 


1+ 





If R is made sufficiently large compared with Z.,, a 
condition obtained by using a pentode output stage, 
and/or possibly current feedback, then 
aie _1/R- (29) 
E. 1+ oT; 
and T, itself becomes small. 
To appreciate how large R should be made it is help- 
ful to consider an alternative electrical analogy for 











Zem, VizZ., a series inductance L., capacitance C, and 
resistance R,. This results in 
bk? w* 
R, = ——__——_ (30) 
(K, — oJ)? + 5?w? 
or 
ke 2onw? 
R= l = ] (31) 
J (@?, — w?)? + 4270p? 


* Rather than the value given by (J). 


CONTROL March 1960 


and 
l k? K, a Jw? 
Bi =~ ini tgs cee (32) 
oC, (K, — Jw?)? + wb? 
or 
l k? on" 1 wo” 
a a. 
w*C, 


(e,? —e*} + 427 wn? 0" 

It will be seen that as long as w < w,, C, can be 
treated as infinite, giving a series inductance and resist- 
ance, both variable with frequency. The r.h.s. of eq. 33 
is then L,. This was perhaps worth dealing with at some 
length since the very variable inductance values quoted 
for relays frequently cause confusion. 

The effective inductance for » < , is thus (L + L,) 
and eq. 28 becomes 
_. 1/R 


I(R+R, 
oe 


E, R,+ pL, + pL yee 
p+ Retoet OL) [EEE 
R R+R, 


A typical Laws relay with: 
Locked-armature inductance, L = 0°9 henries (0°9 X 
10° abhenries) at 
1000 c/s 
K, = 9 X 10° dyne cm/ 
rad 
J=Sgcem? 
k=9X 10* dyne cm/ 
mA 
(9 X 10° dyne cm/ 
abamp) 
= 01 


Stiffness 


Inertia 
Torque sensitivity 


Damping ratio 
would have 

Undamped natural frequency », = 1340 rad/s 
and the following representative values for R, and L,: 

Ato=0, R,=0 

o=27.100, R,=8660X 10° abohms =8660 ohms 
At o=0, L,= 90X10° abhenries= 90 henries 
w=27.100, L,= 114 10° abhenries= 114 henries 
An increase in k or reduction in K, will raise these 
values and much higher ones are possible. In order that 
the phase lag in i/E, should be, for instance, < 10° 
at 100 c/s, from eq. 34, 
tan” [o(L + L,)/(R + R,)] < 10° 
and .. 114°9/(8660 + R) <0-00028 
so that R > 4X 10° ohms 
Thus it is necessary to make R much higher than can be 
obtained with a simple triode output stage. 

Any measurement of the inductance in the locked 
condition may depend upon armature position if the 
torque motor is slightly non-linear, upon permanent-mag- 
net magnetization or current levels if saturation is set- 
ting in, or upon frequency if the locking is not 100% 
effective in combating armature resilience. 

With but little variation the treatment above should 
apply to all relays, motors and pilot-stage transducers 
currently in use. 


To be continued 
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The achievement—and the danger—of Russian 





automation were well brought out in a discussion 
at the |.E.E. last month. Some of what was said 


is reported below 


THE RED LIGHT 


ATTENDANCE AT AN EVENING DISCUS- 
sion on Soviet control-engineering 
progress was surprisingly less than 
heavy last month. Organized by the 
I.E.E. Measurement and Control Sec- 
tion for February 16, and well publi- 
cized among members of the B.C.A.C., 
it drew only a goodish audience. Pro- 
fessor Tustin took the Chair and in- 
troduced the panel of speakers who 
were to open the proceedings: the 
panel included members of the I.E.E.- 
British Council team that visited 
the U.S.S.R. last year (see CONTROL, 
December 1959, pp. 102-104). 


Some first-hand observations 


Launching the meeting with a refer- 
ence to his own working stay in the 
Soviet Union, Professor Tustin com- 
mented on how significant for us was 
the existence of a society dedicated 
to the proposition that * The advance- 
ment of science is a chief key to a 
better life’. Mr. R. E. Clark then 
described the place of science and 
technology in the U.S.S.R., drawing 
attention to the tendency for govern- 
ment to be in the hands of scientifically 
and technically trained persons. Much 
effort was being devoted to the devel- 
opment of translating machines, and 
although extravagant claims had been 
made in the Soviet press, there was 
still some way to go. Progress had 
nonetheless gone far enough for 
machines to be of some help to human 
translators. Russian effort in this field 
was huge compared with ours. There 
was heavy concentraton of work on 
theory—most of the product of this 
work was available outside the 
U.S.S.R. to anybody who wanted it— 
but there was some question as to how 
much of it had been translated into 
hardware. The Russians were assidu- 
ous readers and visitors, and they ten- 
ded to see more of our doings than we 
saw of theirs. Mr. Clark concluded his 
remarks with a warning that any ex- 
cess output from automatic factories 
in the Soviet Union might be dumped 
on ‘our’ markets. 

While far from belittling the Russian 


achievement, Mr. R. H. Tizard (a 
member of the team that visited the 
U.S.S.R. last year) felt bound to men- 
tion that at the Moscow automatic ball- 
bearing factory there were no less 
than 10,000 workers employed! Only 
a part of the process was fully auto- 
mated, and even that had one female 
operator stuck in the middle of it. 
There was a factory in this country, 
said Mr. Tizard, with almost identical 
machinery, but there were three girls 
instead of one (probably because the 
economics of the situation called for 
this multiplication). There was a ten- 
dency in the Soviet Union to auto- 
mate for its own sake, rather than 
because there was any economic ad- 
vantage in doing so. Mr. Tizard spoke 
of the widespread interest in digital 
techniques of instrumentation, data 
logging, and analogue-to-digital con- 
verters. Learning and self-optimizing 
systems were also popular subjects. 
Mr. S. S. Carlisle (another member 
of the team) compared the Soviet 
approach to automation with ours. 
He thought that we might well follow 
the Russians in taking automation to 
be a desirable objective in itself. He 
referred to their logical approach to 
automation of furnace systems, start- 
ing with instruments and going on to 
automatic process controls with the 
ultimate aim of complete mechaniza- 
tion. Mr. Carlisle also thought well of 
the Russian idea of having small- 
batch instrument production units as 
part of automation research institutes, 
and he suggested that it be adopted in 
this country. He liked the method of 
running a simulator in parallel with a 
process, the parameters of the simula- 
tor being successively brought ‘ up to 
date’ in comparison with those of the 
process ; control signals could be ob- 
tained from the simulator that it wa; 
impossible to get from the process 
itself. One respect in which he thought 
that we might be ahead of the Soviets 
was in the handling of works infor- 
mation. He was careful to add, how- 
ever, that the Russians might not be 
underrating the importance of this so 








much as not tolerating such an exces- 
sive diversity of product as we allowed 
ourselves in this country. 

A third member of the team, Mr. 
A. Asbury (who wrote the article in 
our December issue), gave his obser- 
vations on Russian applications of 
analogue and digital computers, in- 
strumentation, and electric power (in- 
cluding traction). 


Pre-eminent theorists 


Mr. A. T. Fuller traced Russian 
interest in non-linear control theory 
back to 1892, and said that western 
mathematicians regarded the Russians 
as pre-eminent in non-linear work. 
Tsypkin’s book on sampled-data sys- 
tems was encylopedic and exhaustive, 
and his book on relay control systems 
was unequalled anywhere else in the 
world. The most important recent 
contribution from the Soviet Union 
was the mathematician Pontryagin’s 
work on optimum saturating control 
systems. Mr. Fuller gave it as his 
opinion that the Russians were far 
ahead of us on the theoretical side. 


How to get Russian information 

Dr. D. J. Urquhart explained the 
arrangements existing in this country 
for the collection, translation and dis- 
tribution of Soviet technical literature, 
and maintained that there were now 
as adequate facilities for getting litera- 
ture from the U.S.S.R. as for getting 
it from other highly developed coun- 
tries. The Lending Library Unit at 
the D.S.I.R., which had been opera- 
ting for some time, had the largest 
collection of Russian scientific and 
technical literature in western Europe. 
Publications were available on loan to 
corporate bodies in the same way as 
they were available from the Science 
Museum -_ Library. __ Unfortunately 
people were being rather slow in 
making use of the service. (Dr. 
Urquhart remarked in passing that the 
D.S.I.R. Unit was to move to York 
next year and become the National 
Lending Library for Scientific and 
Technical Literature.) He observed 
that Russian book production was a 
little bigger than that of the entire 
English-speaking world. This, he said. 
was because the Russians had dis- 
covered that people would write books 
if they were paid to do so. Books 
were commissioned and paid for on 
merit, not on sales. Much of the out- 
put of technical literature was not of 
new material, but it did put on record, 
and make generally accessible, infor- 
mation that was not so available in 
the west. He ended with a warning 
that, in the long run, Chinese interest 
should not be overlooked, but admit- 
ted that Chinese literature was hard to 
get at present. 
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See 


PART 1 





lf a 


unsatisfactory, it is reasonable to 
construct a model of another kind 


mathematical model is 


Analogue-computer analysts 


of rolling-mill controls 


THE METAL INDUSTRIES TO-DAY EMPLOY MANY SERVO- 
mechanisms for control, an employment forced on the 
industries in their search for increased production rates 

and higher quality of product. In a hot reversing mill, 

for example, the time taken in reversing the drive be- 

tween passes is unproductive and must be kept to a 

minimum. Since there are large mechanical and electro- 

magnetic inertias involved, forcing is necessary to reduce 
the effect of the various time constants. Thus high-gain 
feedback systems are required to obtain small reversal 
times. Similarly, in continuous mills the effect of impact 

drop as the metal enters the mill must be kept to a 

minimum so that the looping and stretching may be 

kept within small limits. High-gain speed controls are 
therefore used, and these will give a controlled regula- 
tion as small as }% to a system having an uncontrolled 

regulation of 16%. 

The mathematical analysis of servo-mechanisms con- 
sists essentially of two stages. 

STAGE |. Calculation of the open-loop behaviour of the 
system—phase and magnitude of the output 
for sinusoidal inputs of constant amplitude 
but different frequencies. 

STAGE 2. Calculation of the behaviour of the system 
with loop closed when non-sinusoidal func- 
tions such as steps, ramps etc. are applied at 
various points. 

Stage 2 is a laborious process which involves finding 
the roots of equations that may be of the sixth or even 
higher order. Consequently this stage is often omitted, 
since it is possible to estimate the behaviour of the 
system in response to non-sinusoidal inputs from the 
analysis in Stage 1. However, this estimation becomes 
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less reliable as the number of time constants of the 
system increases above three. The mathematical analysis 
holds only if the system is linear, i.e. if the magnitude 
of the output is doubled when the magnitude of the 
input is doubled. Thus no account can be taken of 
such things as saturation of generator fields, dead zones, 
backlash, hysteresis, time-delays, and in fact any pheno- 
menon tending to make the output of a unit not strictly 
and uniformly proportional to the input. A few mathe- 
matical theories for the performance of Stage-1 calcu- 
lations for servo-mechanisms with simple non-linearities 
have been proposed, but their application is both in- 
volved and limited in scope, and does not give a good 
idea of the results which would be expected from a 
Stage-2 input. 

It can be seen that mathematical analysis of servo- 
mechanisms has the following disadvantages. 

1. A small degree of mathematical training is necessary. 
2. The process is long and laborious. 

3. No concise account can be taken of non-linearities. 
. The effect of variations in components cannot be 

quickly estimated. 

. The manipulation of the calculations does not give 
the feel of the system being designed. 

Since the construction of a mathematical model is 
unsatisfactory, it is reasonable to construct another 
model which will give a clearer picture of the way the 
system will behave, and an analogue computer will do 
this—with the following advantages. 

1. All non-linearities can be simulated. 

2. Dead times can be incorporated in the computer. 

3. The effect of changes in system components can 

easily be seen. 


+ 
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4. If necessary, the system components can themselves 
be used. 

. The Stage-2 responses, which are the ones which 
really interest the designer, can be seen on the display 
tube. 

6. Records of system responses can be easily obtained 

and stored. 


an 


Functioning of the computer 

Usually a computer is arranged so that either repeti- 
tive or single-shot solutions can be produced, and the 
repetitive solutions can consist of time periods from 
one second to one thirtieth of a second of real time. 
However, as will be seen later, although the display 
time of the computer is limited, the response time of 





Twin-drive rolling-mill motors. Generator 
exciter set and control exciter set in front 


the system being studied can have any value desired. 
The solution is displayed on a cathode-ray tube, and 
can be recorded by pen recorders. 


Basic units of a computer 


There are three basic types of unit for a computer— 
linear units, scaling units and discontinuous units, A 
linear unit consists essentially of a high-gain d.c. ampli- 
fier, together with circuitry which will reset it to its 
initial conditions during the ‘ off’ period when repeti- 
tive solutions are being displayed on the cathode-ray 
tube. Scaling units consist of resistances of various 
values, which can be connected to the inputs or in the 
feedbacks of the linear units. The discontinuous units 
are essentially the same as the linear units, except that 
biased diodes are used so that the unit will either: 

a. not fire until a certain input voltage is reached (dead 
zone), or 


116 


Output 


Input 


Fig. 1 Conditions in discontinuous units 


b. not produce any further output when the input has 
reached a certain voltage (saturation). These two con- 
ditions are illustrated in Fig. 1. 
Transfer functions 

If scaling units and capacitors are connected in vari- 
ous ways in the input and feedback circuits of the linear 
amplifiers, various gains and transfer functions can be 
obtained from them. Thus, if we have the connexion 
shown in Fig. 2, 


Re 


Vis, & Vo 


Fig. 2 


where V;, V, V, are the voltages at the points indicated, 
A is the amplifier and R, and R, are resistances, then 


Vv,-V : 
- — ly 
R, 
ii +i, =0 
rene 
> o- le 
R, 
ee oh 
R, R, 
but 
V, = KV 
Vi- Vo V, Vo 
stipe ica bel .. @ 
R, R, 
é ee R, 
and providing K is made sufficiently large V, = — . V; 


; ‘ . R 
i.e. Zero time constant and gain — 


Similarly for the connexion shown in Fig. 3 





Fig. 3 
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Vi , VAR: + 1/CD) _ 5 
R, R./CD 
Vi , Vol + R:CD) _ 4 
R, R. 
ic a 
R, (1+ R.CD) 


This transfer function has a time constant of R.C 


and a gain of = In practice C, will be of the order 
1 

of microfarads and the resistances will be of the order 
of megohms, giving time constants of the order of one 
second. There is no reason why this time should not 
represent an actual time constant of one hour or any 
other unit of time, but this will preclude connecting 
components of the system into the analogue. 

When the differential coefficient of the output of a 
certain unit is required it has been found inadvisable 
to use the connexion shown in Fig. 4 


R2 
Vi Cy Vv Vo 
o——_§_f A 


Fig. 4 


which theoretically should give the transfer function 
V./Vi =R.C,D 


In fact this connexion is not satisfactory because there 
is bound to be some high-frequency noise in the output 
of the preceding amplifier, and this will pass easily 
through the capacitor and be magnified out of propor- 
tion. A method of avoiding this trouble is illustrated 
in Fig. 5. A feed-forward is taken from the input to 
the amplifier B which precedes the function of which 
the differential coefficient is required. This is subtracted 


A typical analogue computer: the English Electric Lace Mk. II 






























































Fig. 5 
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Fig. 6 Block diagram of voltage control of main drive 


generator 
Magnetic Control Generator Generator 
amplifier exciter exciter a 
r a 


Fig. 7 Analogue of voltage control of main drive generator 


from a proportion of the output of B, and provided 
these two inputs are in the correct ratio the output will 
be proportional to the differential coefficient of @. 
Illustrated in Fig. 6 is an example of the block dia- 
gram for the voltage control of a main drive generator. 
The numerators in the various boxes represent the gains 
of the units, and the coefficients of D in the denomina- 
tors are the time constants. The generator-field feed- 
back signal is used for stabilizing the voltage control, 
and the exciter voltage limit is used for controlling the 
rate of rise of the generator volts. The analogue of this 
block diagram is shown in Fig. 7. In this diagram 
amplifier 2 will be a discontinuous unit which will pro- 
duce the characteristic of saturation which is obtained 
with a magnetic amplifier. Amplifiers 3 and 4 will not 
have any limitations on their excursions since it is 
assumed that their characteristics are sufficiently linear 
over the working range. Amplifiers 5, 6 and 7 will 
represent the behaviour of the generator of which the 
flux:magnetizing-current curve will show an appreci- 
able degree of saturation. 
To be continued 
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PEOPLE 


IN CONTROL 


by Staffman 


Brigadier J. D. Haigh, who has just 
been appointed Divisional Manager of 
Plessey’s Capacitors and _ Resistors 
Division, Swindon, tells me that * the 
demand for high-quality components 
for professional use is _ increasing 
rapidly, and we are gearing-up to meet 
this demand. Great interest is being 
shown by the computer people in our 
new metal-film resistors.’ I asked him 
if he would care to estimate the pro- 
portions of Plessey components going 
to domestic and industrial users. He re- 
plied that this varied from product to 
product, but ‘if we consider variable 
resistors, as an example, the industrial 





SANDIFORD 


Under one umbrella 


HAIGH 


user is probably taking between 30° 
and 40% of our output.’ 

Other Plessey Group news includes 
K. R. Sandiford’s appointment as 
General Manager of Hagan Controls. 
He was Chief Instrument Engineer of 
the U.K.A.E.A.’s Development and 
Engineering Group, and during the 
war was responsible for the entire pro- 
duction of fire control instruments for 
British coastal artillery. I gather that 
Hagan Controls’ activities will embrace 
the whole field of automatic control. 


E. G. Wakeling, who is General 
Manager of Advance Components, has 
been elected a Director of that com- 
pany. He was manager of Elliott’s 
Servo Division and joined Advance in 
February 1959. He explained to me 
that Advance were probably best 
known as manufacturers of measuring 
equipment for the radio communica- 
tions field, but that they were now 
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entering more and more into industrial 
electronics and control. 


The Duke of Edinburgh visited 
Smith’s Cheltenham factory on Febru- 
ary 25, and my heading illustration 
shows G. B. G. Potter (Managing 
Director, Smiths Aviation, Marine and 
Industrial Divisions) discussing an ex- 
hibition of aeronautical instruments 
with him. S. Smith and Sons’ Chair- 
man, Ralph Gordon-Smith, is on the 
right. There is no doubt that H.R.H. 
does an excellent job for British indus- 
try, although I suspect that his per- 
sonal interest in things navigational 
made the Smiths visit rather more en- 
joyable than many of his courtesy 
visits to industry. 


Fischer & Porter have re-organized 
their sales force. There are now three 
Regional Managers under the Sales 
Manager, D. Y. Smith: J. W. Borkett 
covers the south of England from an 
office in Harrow, F. Higgins will take 
care of the Midlands from Manchester, 
and R. D. Nixon covers the northern 
region from an office in Stockton-on- 
Tees. J. W. Fairbairn will continue to 
handle Scotland as he has done for 
the past two years. 


A new company set up jointly by 
Southern Instruments and Drayton 
Regulator, and known as Drayton- 
Southern, interested me, so I asked 
J. G. Lubbock, Managing Director of 
Drayton-Southern and local director 
of Drayton Regulator, for details. He 
tells me that the intention is to extend 
the instrument business of both parent 
companies by marrying Southern’s 
mainly-electronic skills with Drayton’s 
mechanical skills. They will manufac- 
ture a range of equipment some of it 
of American origin. An example of 
the latter is the ‘ Omniguard ’ tempera- 
ture and pressure monitoring system of 


H.R.H. POTTER GORDON-SMITH 
Talking of things navigational 


the American Thomas A. Edison com- 
pany. Drayton Regulator’s Chairman, 
P. H. Lloyd is Chairman of Drayton- 
Southern and other members of the 
Board include Southern Instruments’ 
Chairman, R. D. Poore, and Southern’s 
Vice-chairman and Managing Direc- 
tor, Phillip Sellars. 

Incidentally, Major General Sir 
William A. Scott has joined Southern 
Instruments’ Board. He was Director 
of Communications at the Foreign 
Office and before that was Director of 
Weapons and Development at the War 
Office. I gather that he will act in an 
advisory capacity to the Southern 
Board. 


Ultra Electronics’ recently-appointed 
Projects Manager, F. W. Holmes, tells 
me that he spent twenty years in the 
Fleet Air Arm prior to joining Ultra. 
He now controls four project teams, 





SAMUELS 


YATES 
Designs for living 


each of which is responsible for the 
sales, engineering liaison and progress- 
ing of its own particular product. The 
four teams cover ‘controls '—both 
aero-engine and industrial, ‘ communi- 
cations,’ ‘data processing,’ and ‘ anti- 
submarine and _ beacons "—including 
radio/radar navigational devices. 





Appointed Works Director in charge 
of production at Winston Electronics, 
Joseph Samuels (ex-S.T.&C. and 
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Sunvic), joined Winston’s Board in 
1956. I asked him to comment on the 
problems of producing electronic in- 
struments. * Let’s be more general than 
that,’ he said, ‘I am interested in out- 
put and this depends upon a happy 
atmosphere in the factory with no 
bickering or jockeying for position.’ 





‘The smaller company can supply a 
very definite service’ according to 
Frank N. Yates, who is now Seton 


AUTHORS IN 


E. W. Jones (Nucleonic measurement 
of level, page 88) graduated with 
First Class honours in Physics from 
the University of Wales, Aberystwyth, 
in 1949. During the war he worked at 
the Telecommunications Research 
Establishment, Great Malvern, mainly 
on microwave aerials and wave 
guides. In 1946 he transferred to 
A.E.R.E. Harwell, where he worked 
on the design of a synchro-cyclotron 
and, later, in the Isotope Division. He 
joined Isotope Developments on the 
foundation of that company in 1950. 
There he has been responsible mainly 
for pioneering industrial applications 
of radio-isotopes including thickness 
gauges, level gauges, and automatic 
packing inspection equipment. At 
present he is the company’s Chief 
Physicist. 


G. Field (co-author with S. R. Barker 
—below—of Automatic control in the 
cement industry, page 91) served as 
a meteorologist in the Royal Air 
Force, prior to resuming his science 
studies at University College, London. 
He joined the staff of Associated 
Portland Cement Manufacturers Ltd., 
in 1950 and for the past seven years 
has been engaged in plant and pro- 
cess research at their Central Research 
Laboratories. 


S. R. Barker joined the Research 
Department of A.P.C.M. in 1937. Dur- 
ing the war he served as a pilot in 
the Royal Air Force, latterly being 
concerned with the flight testing of 
aircraft. He transferred to the R.A.F.’s 
Signals Branch and served as a Sig- 
nals Officer until 1946, when he re- 
joined A.P.C.M. Since then he has 


been engaged in plant and instrument 
research. 


R. B. Sims (Load cells in industrial 


weighing, page 94) graduated at the 
University of London in Physics and 
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Creaghe Engineering’s Commercial 
Manager. Yates (ex-Sunvic, and 
Fischer & Porter) tells me he finds his 
work at Seton Creaghe most stimulat- 
ing. ‘We go in for small specialist 
design and manufacture of electrical 
and mechanical instruments, and this 
gives me a more intimate relationship 
with the user than is possible in larger 
organizations.” 


I was interested to hear that 


Mathematics. After serving with the 
Royal Air Force as a meteorologist 
for seven years he completed an en- 
gineering apprenticeship with Baker 
Perkins of Peterborough, and joined 
the British Iron and Steel Research 
Association in 1948. From then until 
1952, Dr. Sims was Head of Bisra’s 
Rolling Mill Laboratories. He com- 
pleted work on the calculation of roll 
force and torque in both hot- and 
cold-rolling mills, but his main con- 
tribution to rolling-mill studies has 
been an analysis of the cause of thick- 
ness variations in mills and a design 
of automatic gauge control called the 
*Gaugemeter’ system which is used 
widely throughout the world. Part of 
this control system uses a loadmeter 
for measuring the roll-separating force 
between the rolls whilst the metal is 
being deformed, and it was the need 
for an accurate and reliable instrument 
which gave rise to the research, the 
results of which are contained in the 
present article. He became Research 
Manager of Davy and United Engin- 
eering in 1953, General Manager of 
the Instrument Division in 1956, and 
Chief Engineer, Research and Devel- 
opment, in December 1958. He re- 
tained his Directorship in the Instru- 
ment Company when it was formed 
from the Instrument Division in 1959. 
Dr. Sims was awarded his Ph.D. for 
work on the theory of cold rolling 
and automatic gauge-control in cold 
mills. 


Michael B. Wood (co-author with 
J. Baldwin—below—of Digital record- 
ing multi-point pressure surveys, 
page 97) studied electrical engineer- 
ing in the College of Technology at 
Manchester University, but became 
an instrumentation engineer after 
joining the Aircraft Research Associa- 
tion, Bedford. in 1955. There he 
worked on automatic digital-data re- 
cording and instrumentation for wind- 


Measuring Instruments (Pullin) had re- 
tained Gunther Hoffstead as a design 
consultant. I gather that he will col- 
laborate with M.I.P.’s Development 
Department, who are responsible for 
engineering design, the idea being that 
Hoffstead’s visual design must be de- 
pendent on the function and opera- 
tion of the instruments. Incidentally, 
John Guy (ex-Sifam Electrical) has 
been appointed M.I.P.’s Chief Planning 
Engineer. 
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tunnel testing, and spent some time on 
digital computers. He is now with 
Ferranti, Wythenshawe, engaged on 
the application of digital computers 
to industrial process control. 


J. Baldwin joined the staff of the Air- 
craft Research Association as a 
Junior Instrumentation Engineer in 
October 1955. He has had experience 
of designing and building all A.R.A. 
data-handling equipment. In Novem- 
ber 1957 he started investigation on 
automatic pressure recording with 
M. B. Wood. In mid-1959 he investi- 
gated a high-speed recorder, and the 
equipment is scheduled for use in the 
Spring of this year. 


T. B. Wearden (Gearhead ratio selec- 
tion in servo-motor drives, page 102) 
graduated from Manchester Univer- 
sity with Honours in Electrical En- 
gineering. After service in the Royal 
Navy as an electrical officer, he joined 
Ferranti, Edinburgh, as a sales engin- 
eer and later worked in Ferranti’s 
Computer Department as a develop- 
ment engineer on computer peripheral 
equipment. He joined Vactric Control 
Equipment as Midland area sales 
engineer in January 1959. 


R. A. Brooker (The ultimate basis of 
control, page 107) graduated at the 
Royal College of Science, London, 
then spent two years designing and 
partly building a relay computer ; this 
was followed by two years at the Uni- 
versity Mathematical Laboratory, 
Cambridge, working first on the dif- 
ferential analyser, and later on the 
Edsac I. Since 1951 he has been at 
the Computing Machine Laboratory, 
Manchester University, where he is 
now Senior Lecturer in the Theory of 
Computing. He has worked mainly in 
the field of numerical analysis, pro- 
gramming and logical design of 
machines. 
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| CONTROL IN ACTION 


Australian power station 


remotely controlled 


Hydro-electric 


THE NEW SOUTH WALES ELECTRICITY 
Commission’s 50-MW_ hydro-electric 
power station at Warragamba Dam, 
can be controlled remotely from 
Sydney, 48 miles away. The station, 
which cost around £M3, and took 
three years to build, employs generat- 
ing equipment by English Electric, 
who supplied and installed it at a cost 
of about £M1. 

The operation of the Warragamba 
station depends upon the availability 
of water behind the dam, so that it is 
not a base-load station. Power will 
only be generated when the water 
level is high enough to be more than 
sufficient for Sydney's water-supply 
needs. After heavy rain, for example, 
the station may operate for long 
periods, but if the level is low, power 
will be generated during the morning 
and evening peak periods only. It 
follows that the station will be re- 
quired to feed power into the State 
network at somewhat irregular inter- 
vals, depending on the conflicting 
needs of the Sydney Water Board 
and the N.S.W. Electricity Commis- 
sion, thus making remote control from 
Sydney mandatory. 

The English Electric turbo-genera- 
tor at Warragamba may be _ used 
either to generate power or as a syn- 
chronous condenser set. In the latter 
case, of course, after the generator 
has been brought up to speed by the 
water turbine, the water flow is cut 
off and the generator operates as a 
synchronous machine. 


Starting the turbine 


The automatic starting sequence 
may be initiated by closing the local 
starting switch, or remotely by means 
of a radio link from Sydney. In either 
case, a master control relay is ener- 
gized and this in turn operates an 
auxiliary control relay. The latter 
brings into operation the main oil 
pumps for the governor, the turbine, 
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Fig. 1 The SOMW hydro-electric power station at Warragamba 
Dam, New South Wales 
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station controlled by 48-mile link 


and the generator. D.C. standby oil 
pumps are also prepared for opera- 
tion so that they will take over should 
the flow of lubricating oil cease for 
any reason, 

When the set is stationary the gen- 
erator is heated electrically, and, on 
starting up, the auxiliary control relay 
switches these heaters off. The master 
control relay energizes the main start 
bus causing the main motor-operated 
cooling-water valve to open. Water 
then flows through the oil coolers, the 
cooler for the main shaft bearings and 
the air coolers for the alternator. The 
‘excessive starting-time’ relay is also 
energized from the main start bus. 

The master control relay also causes 
a motor-operated valve in the turbine’s 
spiral casing to open in order to re- 
lease the air within it, and a further 
motor-operated by-pass valve opens to 
allow water to flow into the spiral 
casing. As the casing fills, the pressure 
builds up until a pressure device is 
actuated, and this causes the air re- 
lease valve to close again, and also 
controls a hydraulic servo-motor so 
that the main butterfly valve opens. 
When the latter is fully open, a limit 
switch operates to open a solenoid 
actuated valve which controls the oi 
supply to the governor's actuator. 

The guide vanes, which regulate 
both the direction and rate of flow of 
water to the turbine, then open slowly 
under the control of the governor and 
its hydraulic servo-motor system. 
Water flows through the turbine which 
accelerates to reach 50%, of full speed, 
when a speed-measuring relay brings 
in various interlocks and the governor 
gradual-start device is isolated to per- 
mit the turbine to attain no-load 
speed. The excessive starting time 
relay is then de-energized. 


Generator operation 


The closure of a pressure-operated 
contact on the governor indicates that 


the governor has taken over full con- 
trol and initiates the next stage in the 
starting sequence. The control exciter 
and high frequency motor-generator 
set is started and a * ready-to-synchro- 
nize-timing * relay is energized. 

A master control-relay contact 
causes the main exciter stabilizing field 
to be energized, and the output volt- 
age of the alternator increases to the 
a.v.r. setting. This voltage energizes 
under-voltage relays which act as in- 
terlocks in the automatic voltage regu- 
lation lock-out circuit and the 415-volt 
auxiliary board automatic supply 
change-over control circuit. 

The operation of the time-delayed 
* ready-to-synchronize’ relay prepares 
the automatic synchronizing control 
circuit and indicates ‘ready for syn- 
chronizing.” Operation of the syn- 
chonizing push-button brings in auto- 
matic rapid-synchronizing gear, which 
adjusts the generator speed and volt- 
age to match the system conditions 
and, at the right moment, initiates the 
closing of the main 132 kV oil circuit 
breaker. Breaker auxiliary switches 
prepare various alarm circuits and 
also trip the incoming feeder breaker 
to the 415-volt board. A time-delayed 
change-over relay then closes the unit 
transformer breaker, restoring the sup- 
ply to the 415-volt board. 

The desired generator power-output 
may be obtained by adjusting the 
governor, and the reactive power out- 
put by means of the a.v.r. setting. 

A maximum amount of guide-vane 
opening may be imposed by a load 
limiting control. This feature is of 
particular importance as the storage 
capacity provided by Warragamba is 
primarily for the Sydney water supply. 


Shutting down the generator 

The automatic stopping sequence, 
which is initiated similarly to the 
starting sequence, causes the master 
control relay to reset. The automatic 
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shut-down circuit 
lock-out brakes 


‘lower’ control circuit of the gov- 
ernor speeder motor is energized, and 
the governor setting reduced. This, in 
turn, causes the guide vanes to close 
and cut off the flow of water through 
the turbine. When the guide vanes are 
fully closed, a limit switch contact 
closes to energize the main breaker 
trip coil. The breaker-trips isolate 
the generator from the system, and a 
breaker auxiliary switch closes the 
governor-actuator oil valve by energiz- 
ing the main stop bus-bar. This ren- 
ders the governor inoperative, and 
causes the governor oil pressure relay 
to re-set. The latter shuts down the 
control exciter and high frequency 
motor-generator set. 

Energizing the main stop bus-bar 
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also causes the main turbine butterfly 
valve to close. When this is fully 
closed a limit switch causes the butter- 
fly valve by-pass valve to close. 

The auxiliary switches on the main 
breaker also, de-energize the speeder 
motor and several alarm circuits, and 
trip the unit transformer breaker. The 
incoming feeder breaker closes after 
a short time delay to restore the sup- 
ply to the 415-volt board. The main 
exciter stabilizing field is de-energized 
by the master control relay. 

As the set slows down to about 
half-speed, the speed-measuring relay 
energizes the solenoid which applies 
the compressed-air-operated generator 
brakes. The contacts of this relay also 
open some of the alarm circuits. 





Fig. 2 The automatic starting sequence 
for power generation 


Within about twenty minutes, the 
set is brought to rest by the brakes, 
and a timing relay then resets the 
auxiliary control relay. Should the 
brakes not be applied for some 
reason, the re-setting of this relay is 
delayed a further twenty minutes to 
cover the time taken for the set to 
come to rest under the influence of 
normal friction and windage. 

The auxiliary control relay also 
causes the main cooling-water valve 
to close, the generator heaters to be 
switched on, the governor oil pump to 
shut down, and the turbine and gen- 
erator lubricating oil pumps to shut 
down. 


Synchronous condenser operation 

When required as a synchronous 
condenser, the set must first be brought 
up to speed by starting as a generator 
in the fashion described. A selector 
relay is Operated either locally or re- 
motely (by radio link from Sydney) to 
select the form of operation required. 

When the set acts as a synchronous 
condenser the flow of water is cut off, 
and the draft tube pressurized with 
air to depress the water level clear 
of the turbine runner. The inherent 
cooling facility is thereby lost, so the 
selector relay opens a valve to permit 
cooling water to reach the runner 
crown. 

The speeder motor local-control 
switch, or the equivalent Sydney con- 
trol, is operated to reduce the gov- 
ernor setting, which in turn causes the 
guide vanes to close. A guide-vane 
limit-switch then closes to complete a 
circuit via a selector relay contact 
and energize the main stop bus-bar. 
This in turn causes the main butterfly 
valve to close, and a butterfly-valve 
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limit-switch closes the by-pass valve. 

When the by-pass valve is closed, 
limit switches close to indicate * ready 
for synchronous condenser operation * 
and also to energize the draft-tube 
water-level control circuit. If the level 
is too high, the conductivity of the 
water causes a current to flow between 
two electrodes set in the draft-tube 
wall, and a relay is energized to 
operate a solenoid and thus open a 
valve to admit compressed air to the 
draft tube. The water is then de- 
pressed until the circuit between the 
electrodes is broken, when the air sup- 
ply is shut off. 

The excitation is then adjusted by 
means of the voltage-setting rheostat 
control to achieve the desired reactive 
power loading. When shutting dowa 
from synchronous condenser opera- 
tion, the reactive power loading is 
first reduced to zero manually by 
means of the voltage setting rheostat 
control. The master control relay is 
then reset, as when shutting down 
from generator operation. The main 
breaker is tripped by a master control 
relay contact, and the change-over of 
supply to the 415-volt board is effected 
as before. 

The master control relay also shuts 
down the compressor for draft-tube 
pressurization, trips the stabilizing 
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Fig. 3 Automatic change-over from 
generator to synchronous condenser 
operation 
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field contactor, and resets the gen- 
erator/synchronous condenser opera- 
tion selector relay. The selector relay, 
in turn, closes the governor actuator 
oil-admission valve. The loss of oil 
pressure causes the oil pressure device 
to operate and this shuts down the 
control exciter and high-frequency 
motor-generator set. 

The selector relay also shuts down 
the draft-tube water-level control cir- 
cuit, and closes the runner-crown cool- 
ing water valve. 

The speed-measuring relay applies 
the brakes at about half full-speed, 
and when the set has come to rest, 
the auxiliary control relay is reset. 
The flow of cooling water is cut off, 
the generator heaters are switched on 
under thermostatic control, the gov- 
ernor oil pump stopped, and the 
generator and turbine lubricating oil 
pumps shut down. 

It will be appreciated that the auto- 
matic and remote operation of these 
complicated starting-up and shutting- 
procedures, for both generator and 
synchronous-condenser operation, is 
no mean feat. The controls themselves 
are not particularly complex but the 
fact that the system works efficiently 
despite the multiplicity of individuai 
controls speaks well of their reli- 
ability. 


A practical motor vehicle telemetry system 


IN THE PAST, NO _ SATISFACTORY 
method of measuring temperatures, 
pressures, etc., in a moving motor 
vehicle has been available. Direct re- 
cording techniques involve carrying 
the recording equipment in the test 
vehicle itself, or in a second vehicle 
attached to the test vehicle by means 
of a length of cable. These methods 
have basic disadvantages when safety, 
reliability and accuracy are considered. 

Examination of the problems in- 
volved in the measurement of physical 
quantities inside a moving vehicle, in- 
dicated that a multi-channel telemetry 
system would overcome the difficulties 
encountered with previous techniques. 
In view of this, a four-channel system 
was developed by Sir W. G. Arm- 
strong Whitworth Aircraft to test the 
feasibility of telemetry for use by 
vehicle designers in the motor indus- 
try. Four channels was considered to 
be the minimum number for assess- 
ment of the scheme but further chan- 
nels can easily be added. 
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A block diagram of the sender unit 
is shown in Fig. 2. A time-multiplex 
(p.a.m.f.m.—a.m.) system is used, 
which employs a frequency-modulated 
sub-carrier to amplitude-modulate a 
transmitter with a carrier frequency in 
the decimetre band. A 10h.p. car was 
originally used as a test vehicle and is 
fitted with four transducers comprising 
two strain-gauge units, one thermo- 
couple and one thermistor. The strain 
gauges are fitted to one track rod and 
one steering arm, and are in pairs— 
one active and one passive element—- 
to compensate for temperature 
changes. A thermocouple is fitted to 
the exhaust manifold and a thermistor 
measures the temperature of the oil 
in the sump. 

The low-level outputs from strain- 
gauge and thermocouple circuits are 
connected to channels 2, 3 and 4 of 
bank 1 of a double-bank 24-channel 
telemetry sampling switch. The output 
from bank | is amplified by a thermo- 
stabilized low-drift d.c. amplifier and 






fed to segments 2, 3 and 4 of bank 2 


of the switch. At this point, a syn- 


chronizing voltage source is connected 
to segment | of bank 2 of the switch 


Fig. 1 The sending unit weighs 30 Ib 


and will fit easily in the front seat 
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Fig. 2 Four trans- 
ducer-signals are 
sampled in tele- 
metry fashion, prior 
to transmission 


and the thermistor output is connec- 
ted to segment 5 of the same bank. 
The output from bank 2 modulates 
the frequency of the sub-carrier oscil- 
lator, and the latter amplitude- 
modulates a u.h.f. oscillator. The sig- 
nal is transmitted via a monopole 
aerial fitted to the roof of the vehicle. 
The receiving station is shown in 
Fig. 3 and diagrammatically in Fig. 4. 
A standard A.W.A. u.h.f. receiver 
type UR 1 is used and the detected 
signal fed to a frequency discrimina- 





tor. The discriminator output is dis- 
played on a cathode-ray tube for 
visual monitoring of the signal. After 
discrimination, the signal is de-multi- 
plexed in the strobing system and the 
individual channels recorded on ultra- 


violet recorders—the N.E.P. Series 
1050. 


Transducer circuitry 


The modulator requires a single- 
ended input going positive and nega- 
tive about earth and the transducer 
circuitry is arranged to give this type 
of output. A further restriction is that 
in order to satisfy the bias require- 
ments of the input stage of the d.c. 
amplifier, signals must be presented to 
a resistance of 1 k&2. Supplies for the 
transducers consist of a 12-V positive 
and 12-V negative stabilized supply. 

As will be seen in Fig. 5, the strain 
gauges are connected in half bridge 
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circuits, with one passive and one 
active element. A variable resistance 
balances the system and 2k2 Rotol 
strain gauges are used. From an esti- 
mate of the strains involved, an out- 
put from the strain-gauge circuits of 
+ 10mV at maximum strain was 
expected. A similar output was also 
anticipated from the thermocouple 
circuit. The output from the thermis- 
tor circuit is, however, + 1:5 V over 
the expected temperature range and 
amplification is not therefore required. 


Fig. 3 The receiving 
station of the 


vehicle telemetry 
system 
C.C. amplification 
The dc. amplifier consists of 


two stages, each stage comprising an 
emitter-coupled pair. This configura- 
tion reduces effects due to the thermal 
drift of individual transistor para- 
meters. Thermal-drift effects are fur- 
ther minimized by the use of a 






Fig. 4 Telemetry 
signals are displayed 
visually and, after 
de-multiplexing, re- 
corded 










145 ke/s f.m. 


Timebase 


Synchronizing 
separator 


temperature-sensing element which 
controls the current through the heater 
of a temperature-controlled block. 
Variations of ambient temperature are 
reduced by a factor of 10 inside the 
block and the transistors within it are 
maintained at a steady 40°C. Since 
noise in a mechanical switch depends 
partly on the current through the con- 
tacts, the amplifier is arranged to 
draw no current from the input source 
for zero input-level. 

The gain of the amplifier is variable 
with a maximum of 240, and zero- 
level drift is equivalent to 10 »V at the 
input for every 1°C change in am- 
bient temperature. The output of the 
amplifier is 3 dB down at S50 kc/s. 


The telemetry transmitter 

The frequency modulator section of 
the transmitter is of conventional 
reactance-valve type. The input to the 
modulator controls the frequency of 
the sub-carrier oscillator by means of 
the reactance valve. Amplitude modu- 
lation is accomplished by feeding the 
sub-carrier output to the grid of a 
valve in series with the transmitter. 
The u.h.f. transmitter uses two A1714 
valves in push-pull with a quarter- 
wave lecher line. Loop coupling is 
employed at the output of the trans- 
mitter and the signal is fed to a mono- 
pole aerial on the vehicle. The maxi- 
mum power output of the transmitter 
is 1-5 watts and the range is well over 
two miles. The maximum frequency 
of the information transmitted is 60 
c/s at present. 

The sending unit as a whole weighs 
30 1b and, as can be seen in Fig. 1, 
will fit easily into the front seat next 
to the driver. The equipment can be 
operated by the driver alone, making 
it unnecessary for a second operator 
to be carried. 


Reception, display and de-multiplexing 

A folded dipole with a single reflec- 
tor is employed as a receiving aerial. 
The bandwidth of the A.W.A. receiver 
is 4:5 Mc/s which, although excessive 
for the immediate application, may 
be useful for future high-information 
systems. 
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After detection, the signal is passed 
into a Travis Round discriminator, 
which is a simple balanced type utiliz- 
ing two circuits tuned to frequencies 
above and below the sub-carrier centre 
frequency. The output from the dis- 
criminator is in the form of a tele- 
metry histogram which is displayed 
on a cathode-ray tube to enable the 
signal to be visually monitored before 
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input 


STRAIN GAUGE THERMOCOUPLE 


de-multiplexing. The display system 
also separates the synchronizing chan- 
nel from the composite signal and 
uses it to lock the visual display. 
De-multiplexing of the composite 
signal is carried out with the aid of a 
*strobing’ unit and a gate of the 
‘sample and hold’ type. The gate out- 
put is a stepped wave, and this is 
passed through a low-pass filter via a 


FCONTROL IN ACTION | 


Pre-set control 


A CO-ORDINATE POSITION-CONTROLLER 
for machine tools made by James 
Scott & Co., is used to control 
the John Greig 54in hydraulic self- 
clamp paper guillotine, performing a 
cycle of operations according to a pre- 
set programme. The guillotine has a 
flat bed in which the paper to be cut 
is placed, and a movable fence driven 
by a leadscrew is used to push the 
paper to the correct cutting position. 

In order that the paper should be 
cleanly cut the fence-stopping opera- 
tion should be in two parts. First, the 
motor speed is reduced to well below 
normal drive speed at a point prior 
to cutting. Secondly, the fence must 
be stopped at cutting position. 

The main sensing head is a photo- 
cell which monitors the setting of a 
disk attached to the leadscrew. Abso- 
lute calibration of the machine setting 
during operation is by a second photo- 
electric unit operating in conjunction 
with a series of switch units mounted 
at intervals along the bed of the 
machine. The accuracy of this con- 
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Thermistor 


cathode-follower buffer stage. Since 
the cut-off frequency of the filter is 
60 c/s, the output from the filter is 
no longer a stepped waveform, and 
all frequency components of _ the 


original signal up to 60c/s appear at 
the output. The maximum output volt- 
age from the filter is = 15 V across 
the 30 kQ input resistance of the re- 
cording unit. 
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Fig. 5 Transducer 
circuitry: note that 
Strain gauges are 
connected in_ half 
bridge circuits 
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Performance of the system 

The system has been extensively 
tested under field conditions. A 10 h.p. 
car was used as a test vehicle initially 
and the equipment has been tested 
over all types of road conditions. No 
failure of the equipment due to road 
conditions has been experienced. 

From the point of view of the 
vehicle designer, the system would 


for guillotine 


troller is a function of the leadscrew 
pitch and the number of digits per 
rotation of the leadscrew. In this case 
a 4+in. pitch leadscrew is used, with 
500 digits per revolution, thus giving 
a system sensitivity of 0-001 in. 

The output from the photoelectric 
sensing head is fed to two sets of 
Dekatron counters. One bank of 
counters is used to measure the abso- 
lute position of the machine bed, and 
is corrected at regular intervals by the 


Sump oil temperature 


Steering arm strain 





Manifold temperature 
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Track rod strain 
Fig. 6 A typical motor-car telemetry 
record 


appear to be attractive, since the 
records received do not require com- 
plex manipulation to be reduced to 
the respective physical parameters. 
The system is linear throughout and 
deflexions of the trace on the record 
are directly reducible to variations of 
the physical quantities involved, by 
multiplication by a constant. A 
typical record received on a test run 
is shown in Fig. 6. With the system 
at present, the overall accuracy is 
approximately 5%, but with further 
development this could be improved 
to better than 3%. 

The author's thanks are due to Sir 
W.G. Armstrong Whitworth Aircraft 
Ltd., and to his colleagues, B. Graham 
and D. Richardson for their invalu- 
able design assistance. Thanks are also 
due to J. E. Dick and F. Exley for 


their advice and encouragement. 


standardizing mechanisms. The other 
counter is for measuring relative 
motions only, such as are required 
when labels are being cut. 

The counter units are continuously 
monitored and compared with the set- 
ling of the input switches. When the 
dimension set is being approached 
the controller switches a * slow-down’ 
signal to the motor, and then at the 
correct dimension a brake is applied, 
and the motor is stopped. 


Leadscrew rotation is fed back to the motor to control table position 
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A monthly review—under basic headings—of the latest control 
engineering developments for all industries; specially edited for busy 
technical management, plant and production engineers, chemical en- 
gineers, etc., who are not specialized in instrument and control systems 


IDEAS APPLIED ... 


- to MULTIPLICATION 


R. P. CHASMAR, Research Department, 
A.E.A, (Manchester) Ltd. 


A multiplier has been developed in 
the semiconductor research labora- 
tories of A.E.I. (Manchester) that per- 
forms the multiplication of two elec- 
tric currents with an accuracy of 
0:1%. The operation is based on the 


Suppressor 
signal 





Fig. 1 Multiplier circuit 


well-known Hall effect in a semicon- 
ductor, whereby a plate of the material 
carrying a current, and placed in a 
magnetic field, generates a voltage 
between suitably disposed contacts 
which is proportional to the product 
of current and magnetic field strength. 
In the unit described the semiconduci- 
ing plate is mounted in the gap in a 
ferrite core, and the magnetic field is 
produced by a current flowing in a 
winding on the core. 

The circuit diagram of the multi- 
plier is given in Fig. 1. Current x in 
the plate and y in the main coil pro- 
duce a voltage proportional to xy 
across the Hall electrode connexions. 
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The maximum value of the output 
voltage is of the order of 0-1 V, this 
being produced by a plate signal of 
300 mA and a coil excitation of 60 
A-turns. The semiconductor used ex- 
hibits a large Hall effect with a par- 
ticularly small temperature-coefficient. 
By means of a positive temperature- 
coefficient-resistor, R, shunted across 
the plate, the temperature perform- 
ance is further improved to give an 
overall coefficient of the order of 
0-02% / °C. 

In principle, the Hall effect is a per- 
fect multiplication system. In practice, 
errors arise due to non-linearities in 
the relation between coil current 
and magnetic field. Measurements of 
harmonic distortion in the Hall out- 
put, when an alternating current is 
supplied to the coil and a direct cur- 


0.C. correcting 
field coil 





Fig. 2 Circuit of 
the high-frequency 
multiplier 






rent to the plate, show more than 
50 dB discrimination between funda- 
mental and the largest harmonics. 
When the coil is supplied with d.c., 
however, the departure from perfect 






Modulation 
coil 


linearity is greatest and the degree of 
non-linearity is 1%, as estimated from 
the shape of the hysteresis loop. This 
may be reduced by a method similar 
to that used for the suppression of 
hysteresis in magnetic-tape recorders, 
in which an alternating flux, sufficiently 
great to overcome the coercive force 
of the magnetic core, is superimposed 
on the working signal. A separate 
* suppression * coil, S, is provided for 
this purpose, and should be supplied 
with a.c. of a frequency sufficiently 
above the normal frequency range of 
operation to be filtered out easily in 
subsequent circuits. By this means an 
overall linearity of 0-1% may be 
achieved. 

Drift effects and direct break- 
through of coil signal into the output 
circuit can be very troublesome in 


{Faraday 


| screen Modulated 


r.f. output 


Hall effect devices. In this multiplier 
these effects have been reduced to 
below 100#V, under normal working 
conditions. Out of balance voltage due 
to misalignment of the Hall con- 
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nexions is eliminated by means of a 
potentiometer, P, connected in the 
external circuit. The whole assembly is 
potted in resin and mounted on an 
octal value base, thus forming a small, 
robust and convenient plug-in unit. 

Application of the multiplier to 
analogue computation and control 
problems is immediately evident, but 
uses in many other less obvious fields 
have already appeared. For example, 
multipliers have been applied to power 
and power-factor measurements at 
mains frequency, to airframe-fiutter 
problems and to the measurement of 
the work per cycle in internal com- 
bustion engines. As a pure product 
modulator, giving sidebands without 
unwanted carrier, it may also find 
application in  single-side-band tele- 
phony. 

When used as a modulator the mul- 
tiplier is limited to a maximum carrier 
(plate) frequency of about 100 kc/s 
owing to lead inductance, and also 
to direct break-through from the plate 
signal into the output circuit. A multi- 
plier has been developed in which the 





Fig. 3 Low and high frequency mutli- 
pliers 


plate is fed from a coaxial line, and 
by careful design the break-through at 
carrier frequencies up to 5 Mc/s has 
been reduced to a level 50 dB below 
maximum Hall output. The input and 
output impedances are substantially 
resistive within this range. A built-in 
wide-band output-transformer gives a 
step-up of four times to a maximum 
output of approximately 0-5 V, and 
allows the multiplier to operate into 
an unbalanced line. The coil assembly 
is similar to that provided for the low- 
frequency multiplier, and may be 
wound to operate satisfactorily up to 
several kc/s. 

Fig. 2 shows the circuit diagram of 
the high frequency multiplier. An 
additional ‘suppression’ coil is un- 
necessary, since for a.c. operation the 
linearity will be adequate. A supple- 
mentary d.c. winding is provided, how- 
ever, which creates a small correcting 


126 


field to eliminate carrier break-through 
arising from any misalignment in the 
Hall connexions to the semiconductor 
plate. Applications of the high fre- 
quency multiplier may be as a carrier- 
suppressed modulator, in harmonic 
analysis, or in gain control circuits 
where the coil is fed with d.c. 

Photographs of both the low and 
high frequency multipliers are given in 
Fig. 3. 
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.- to ANGULAR SPEED 


A circuit demonstrated by D. D. 
Jones (G.E.C. Research Laboratories) 
shows how silicon controlled rectifiers 
may be used to control the speed and 
direction of rotation of d.c. motors. 
Four S.C.R. 965’s (two pairs connected 
back to back) are used in a bi-phase 
arrangement to provide a controlled 
amount of power to the armature of 
a d.c. motor. 

The principle of operation is that 
variation of the phase-displacement 
between the firing pulses supplied to 
the s.c.r..s and the incoming a.c. sup- 
ply, causes the rectifiers to conduct 
early or late in the cycle, hence pro- 
viding more or less power-output. A 
simple firing-control circuit, using four 
germanium transistors, generates firing 
pulses so that the devices conduct in 
pairs: either 1 and 2 for a positive 
output, or 3 and 4 for a negative out- 
put. Fig. 1 shows the basic arrange- 
ment, but does not include the firing 
circuit. 

For 


convenient demonstration, a 


Fig. 1 Basic circuit 
of s.c.r. motor-con- 
trol circuit 


potentiometer was used to vary the 
firing angle of the silicon-controlled 
rectifier. However, a device regulated 
by means of a low power d.c. signal 
is more suitable for use in control 
systems. Operation by d.c. control may 
be achieved by inserting a saturable 
inductor in the phase-shift circuit, and 
using the d.c. control current to satur- 
ate it. This has the advantage that the 
firing angle is substantially indepen- 
dent of temperature, and that the firing 
circuit will operate up to a tempera- 
ture of 70°C when using GET 103- 
type transistors. The range of control 
would be: motor full-forward—1! and 
2 giving full positive output—through 
a zero point with none of the four 
firing (hence motor stationary), to 
motor full reverse—full negative out- 
put from 3 and 4. 

The high surge-current handling- 
capacity this rectifier allows the 
motor to be switched directly from 
full-ahead to full-reverse. While the 
maximum continuous power-output 
obtainable from this arrangement is 
350 W, the surge rating is over 100A 
for 10ms duration, or 60A for 1 
second, in an ambient temperature of 
35°C. The circuit could therefore con- 
trol a motor of greater rating in an 
application where fast reversing is not 
required. 

This system may be used in place 
of amplidynes, Ward-Leonard sets, 
and similar arrangements using rotary 
machines. Its great advantage is that, 
for a given power, the controlling 
circuitry occupies a much _ smaller 
space than would a_ conventional 
arrangement. 

Work of a like nature to that of 
G.E.C. is, we understand, being car- 
ried out by other firms including 
J. Langham Thompson. 
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NEWS ROUND-UP 


MISSILES — 


Deter and dodge 


As the dust raised by the publication 
of the Defence Estimates settles, it is 
obvious that the military are unhappy 
about the British ballistic missile pro- 
gramme. The most obvious change is 
that—somewhat belatedly—it is now 
thought these weapons should be 
mobile. The cost of putting under- 
ground the liquid-fuelled Blue Streak 
ballistic missile, and the various an- 
cillary equipments which make up the 
weapon system, is prohibitive. In any 
case, the so-called *‘ hard” base is not 
hard enough to resist a_ saturation 
nuclear attack. Work on Blue Streak 
is, however, to continue, for the time 
being at least. 


Air-launched missiles 

It seems to be agreed that the deter- 
rent must be truly mobile if it is to 
be really effective. This requirement 
for ‘massive and terrible retaliation’ 
is at present met by the V-bomber 
force, and for some years to come 
will be carried out by Victor II air- 
craft capable of launching Blue Steel. 
The latter is the Avro stand-off bomb, a 
powered device which can be launched 
300-odd miles from its target. How- 
ever, the continuous improvement of 
surface-to-air defensive weapons means 
that Blue Steel has a strictly limited 
operational life before it. The Gov- 
ernment is known to be interested in 
an American air-launched ballistic 
missile called Skybolt, and either this 
weapon, or a similar device of British 
design, looks like being the next stage. 
The air-launched ballistic missile 
could considerably extend the life of 
the V-bomber force. It provides 
essential mobility, the cost although 
great would not appear to be prohib- 
itive, and it appeals to the air mar- 
shals. Doubtless it will not be long, 
however, before the R.A.F. publicize 
their need for a new dual-role aircraft 
which can be used either as a trans- 
port or as a ballistic-missile launcher. 


Submarine-launched missiles 


The naval view is that the mobile 
deterrent should be in the form of the 
American Polaris, an under-sea- 
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from the world of control 


launched ballistic missile carried by 
nuclear submarines. The cost of the 
submarines and the development of 
the weapons would be so enormous 
that many think it quite out of the 
question. Furthermore, it is doubtful 
that a Polaris-launching submarine 
would be of much value in ‘ conven- 
tional’ warfare—unlike a _ missile- 
launching transport aircraft. However. 
the Royal Navy is said to be in fairly 
close touch with the U.S. Navy on 
this matter. It is also possible that 


pon. The i.r.b.m. Blue Streak and the 


tactical Blue Water are, of course, still 


under development. 


R.A.F.’s operational Thors 


The American Thor _intermediate- 
range ballistic missile is now part of 
Bomber Command’s armoury, and 
CONTROL was invited last month to 
R.A.F. Station Feltwell—not far 
from Ely—to see a typical site. Bom- 
ber Command have sixty Thors divi- 
ded among four separate bases in 





PLENTY OF ROOM AT THE BERKELEY. The main control room at the C.E.G.B.’s 

Berkeley, Glos., nuclear power station. Three engineers will control the entire 

plant from this room. The panels at the rear are concerned with controlling and 

monitoring the water tube boilers—eight to each of the two reactors. The console 

controls and monitors the reactor plant. Incidentally, the C.E.G.B. is setting up a 

research and training establishment at Berkeley so doubtless the students will 
find this roomy control centre invaluable 


some adaptation of Blue Streak might 
be developed for submarine-launching. 


The present situation 

The various guided weapons de- 
ployed by the British services at the 
moment include the following. The 
R.A.F. has the air-to-air Firestreak, 
the surface-to-air Bloodhound, and the 
American i.r.b.m. Thor—see below. 
Blue Steel should go into service 
shortly. The R.N. has the surface-to- 
surface Seaslug and the surface-to-air 
Sea Cat. The Army has the ground- 
to-air Thunderbird, the American Cor- 
poral and Little John artillery wea- 
pons, and the Malkara anti-tank wea- 


East Anglia, of which Feltwell is one. 
Each base has five satellites (one of 
which is situated on the base) and 
there are three missiles per satellite, 
so that each Thor complex consists of 
fifteen missiles. Apart from Feltwell, 
no other base was mentioned, although 
a reference to * the Driffield complex ” 
passed without comment. 

The Thor i.r.b.m.—originally the 
SM-75—was built by Douglas Aircraft 
to the requirements of the U.S.A.F., 
and its history is extremely chequered, 
although CONTROL understands that it 
is now as near perfection as any 
missile of its type. The first five experi- 
mental firings were failures, but the 
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sixth, on September 20, 1957, accom- 
plished a successful 1300-mile flight. 
By January 1959, 24 R. & D. Thors 
had been fired, of which ten were suc- 
cessful, and from February 1959 a 
further 22 R. & D. missiles had been 
fired, twenty of which were successful. 
This is quite apart from some twenty 
Thors used in one form or another in 
the U.S. Space Programme. 

As part of their training, R.A.F. 
crews have launched eleven Thors so 
far, and nine of these have been suc- 
cessful. CONTROL understands that the 
R.A.F. think highly of the weapon 
and have no doubt as to its efficacy in 
action. It appears that the Americans 
were most impressed by the R.A.F.’s 
handling of the missile; but this is 
to be expected, of course, for they 
are the only operational user of this 
1500 nautical-mile-range weapon. The 
American launchings are apt to appear 
somewhat chaotic, not only because 





their firings are for research and 
development, but also because many 
civil establishments look upon the 
Thor as an ideal carrier for complex 
instrumentation of one form or 
another. The R.A.F., on the other 
hand, are interested in the Thor as a 
weapon only, and therefore their 
firings are purely military. 

Thor is 65 ft long, 8 ft in diameter 
and has an all-up weight of 110,000 
Ib, 98,500 lb of which is due to the 
fuel (a jet-engine-type kerosene, with 
liquid oxygen as the oxidant). The 
missile is propelled by a Rocketdyne 
MB-2 liquid-propellant motor, which 
burns for just under three minutes. 
and is precisely controlled by two 
small Rocketdyne vernier motors. For 
about 13? minutes after launch, the 
missile’s | automatic pilot is pro- 
gramme-controlled, thence for a fur- 
ther minute an intertial system (by 
A.C. Spark Plug—the Electronics 
Division of General Motors) controls 
the flight path until the motors cut 
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off. The nose cone, with the nuclear 
warhead, separates from the main 
body of the missile at a height and 
speed dependent upon the distance of 
the target from the launching point. 
The warhead cannot become armed 
unless the missile is in the proper bal- 
listic trajectory, so any fear of des- 
troying the wrong target would appear 
to be unfounded. 

The nuclear warhead is under the 
strict control of the American authori- 
ties, and it would appear to be impos- 
sible for the British authorities to use 
it without active American consent. 
Each squadron of three Thors has its 
American ‘authentication officer’ 
who, presumably, carries out this 
‘authentication’ duty. On the other 
hand, he could hardly launch global 
war without using the R.A.F.-con- 
trolled missiles. 

The count-down for Thor nomin- 
ally takes fifteen-minutes—or con- 


LLOYDS RECOG- 
NIZE MAGNETIC 
CHARACTERS 

Lloyds Bank have 
ordered the Bur- 
roughs document 
sorter, shown here 
under test at Bur- 
roughs Plymouth 
Division. Capable 
of sorting docu- 
ments of mixed 
sizes at speeds up 
to 1560 per minute, 
the machine reads 
characters printed 
with magnetic ink 
on cheques and 


‘ 
kK other documents 


siderably less. However, as R.A.F. 
Bomber Command will fire only on 
instructions from the Anglo-American 
political chiefs, and the U.S. authenti- 
cation officer has to contend with his 
own lines of communication to the 
American Strategic Air Command, 
the weapon is obviously a * deterrent’ 
only—it can never be used. 

The maintenance problem for sixty 
Thors is obviously difficult, although 
the R.A.F. appear to have overcome 
it. They describe it as more difficult 
than maintaining a Canberra aircraft. 
and less difficult than maintaining a 
V-bomber. Various new R.A.F. trade 
groups have been formed to maintain 
Thor. The senior trade is usually 
Missile Fitter (Systems), and, as the 
title implies, such a technician is an 
overall systems man, although his pre- 
vious background—electrical or mech- 
anical—is taken into account. Other 
Missile Fitter trades include, Test 
Equipment, Guidance, Control and 
Propellant. 


All in all, we were impressed by the 
workmanlike and efficient manner in 
which the R.A.F. have tackled the 
problems of their first ballistic missile. 


_-- Sees: 
E.M.|. bid for Simon 


Following E.M.I.’s unsuccessful bid 
for Lancashire Dynamo (Metal Indus- 
tries won the auction—see_ these 
columns, last month), this leading elec- 
tronics firm continues to seek a firmer 
foothold in general engineering. Their 
latest—and it appears more deter- 
mined move is to bid £M16 for Henry 
Simon, a joint parent with Simon- 
Carves of a number of firms known as 
the Simon Engineering Group. The 
Group are probably best known as 
food engineers, their interest in flour 
milling going back many years. 

There are a number of oddities 
about this move. E.M.I.’s Chairman, 
Sir Joseph Lockwood, is an old Simon 
man of long standing and is still a 
director of Henry Simon. The situa- 
tion is further complicated by the fact 
that Henry Simon are on the verge of 
merging with Simon-Carves, Henry 
Simon have a strong financial interest 
in Simon-Carves, and it is possible that 
the reverse also holds. 

E.M.I.’s reasons for wishing to take 
over Henry Simon are not, however, 
hard to surmise. The company is 
deeply immersed in autocontrol and 
automation—machine tool control, 
analogue and digital computers, elec- 
tronic weighing devices, the Robotug 
automatically-controlled truck and so 
forth—but is weaker in the mechanical 
elements that go to make up a com- 
plete system. A merger with Simon 
Engineering would enable the joint 
concern to quote as system engineers 
of the highest calibre. 


. . and tie up with Fairbanks Whitney 

An agreement has been reached be- 
tween E.M.I. and the Fairbanks 
Whitney Corp. of New York (machine 
tools, diesel-electric locomotives, gen- 
erators, aircraft and missile com- 
ponents etc.) whereby the latter will 
market most of E.M.I.’s_ electronic 
equipment in the U.S.A. Fairbanks 
Whitney will also manufacture cer- 
tain E.M.I. equipment under licence. 
According to E.M.I. Electronics’ Man- 
aging Director, Clifford Metcalfe, *‘ The 
flow of information and products will 
not be one way only, and certain 
equipment developed by the American 
company will be marketed in the U.K. 
and Europe by us. We are also going 
to study the possibility of a joint ven- 
ture in the electronics field in the 
European Common Market.’ 

The first step is to be the installa- 
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tion of Emidec 1100 digital computers 
in the Beloit, Wisconsin, plant of 
Fairbanks Morse, and the Pratt & 
Whitney plant at West Hartford, 
Connecticut. E.M.I.’s Robotug driver- 
less trolleys will also be installed at 
both plants. 


For the record 


The present situation in the aircraft 
industry—who controls whom—was 
described in News Round-up last 
month. Since then Westland Aircraft 
have taken over Fairey. As Westland 
had already acquired the helicopter 
interests of Saunders-Roe and Bristol, 
this latest acquisition makes them 
responsible for virtually all Britain’s 
helicopter work. Westland will con- 
tinue development of the Fairey 
Rotodyne. 

It has also been reported that the 
Vickers-English Electric-Bristol group 
are to be known as the British Air- 
craft Corporation. 

Incidentally, there is a surprising 
rumour to the effect that Handley 
Page may merge with the Hawker 
Siddeley-de Havilland group. 


NAVIGATION 
Autopilot for Airco DH.121 


During the Duke of Edinburgh's re- 
cent visit to Smiths’ Cheltenham fac- 
tory, a film on the Multiplex autopilot 
was shown and the system was dis- 
cussed by K. Fearnside, Director of 
Research and Engineering, Smiths 


Aviation Division. Mr. Fearnside said, . 


‘For the purposes of automatic land- 
ing, the automatic control system must 
have a very small probability of fail- 
ure during the landing operation and 
a similar stringent requirement exists 
during the high-speed cruise, particu- 
larly for the supersonic transport air- 
craft. The design target for an auto- 
matic landing system for civil use is a 
failure rate of less than one failure 
in ten million landings. The principle 
selected to achieve this target is that 
of multiplex operation. Each control 
channel in the system is divided into 
a number of sub-channels ; each sub- 
channel being independent and capable 
of controlling the aircraft satisfactorily 
in its own right. In normal operation 
all sub-channels work harmoniously to- 
gether. If the channels are duplex (i.e.. 
there are two sub-channels per con- 
trol channel) a single failure cuts out 
the faulty channel in a manner which 
avoids disturbance of the flight path 
of the aircraft which is left in trim. 
In the case of a triplex system (i.e., 
one with three sub-channels per con- 
trol channel) a single failure results in 
the faulty sub-channel being cut out 
leaving that channel still operating 
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These 10-in. bore 
gate valves at Dur- 
ban Water Works 
are fitted with 5-in. 
air cylinders to pro- 
vide remote opening 
and closing 


satisfactorily at duplex level. In both 
of these cases the gross disturbance of 
attitude and flight path often associ- 
ated with failure in autopilots of cur- 
rent design is avoided, and in the trip- 
lex case a failure during the landing 
operation has no effect whatever on 
the flight path. 

A practical design for production of 
an autopilot for the DH.121 is well 
advanced. This system will initially 
operate at duplex level, but is capable 
of extension to provide complete auto- 
matic landing without the introduction 
of untried components or expensive 
retro-modification. Looking further 
ahead, the system will be fully devel- 
oped and proven in a form suitable 
for application to a supersonic trans- 
port at a time when this latter project 
is still in design stage, so that the de- 
sign philosophy of such an aircraft 
can take full advantage of proven 
automatic control.’ 


wine. Eh ae 
Large valves controlled remotely 


Gate valves of 10-in. and 14-in. bore 
are controlled remotely by pneumatic 
means at a new Water Works in Dur- 
ban, South Africa. The system, which 
was developed by Holman Bros. and 
employs Maxam pneumatic cylinders, 
valves and associated control equip- 
ment, has overcome certain difficulties 
in achieving remote control and is said 
to provide rapid and accurate adjust- 
ment. The main valves are operated 
directly be pneumatic cylinders, which 
have replaced the normal hand wheels 
and rising stems. An extended stem has 
been attached to the valve member of 
each main unit, this forming the pis- 
ton rod of the associated actuating 
cylinder. A visual indication of the 
correct operation of the main has been 
achieved by incorporating a second, 
small-diameter, rearward extension of 
the piston rod. This protrudes through 
a gland in the cylinder end-cap to 


NEWS ROUND-UP 





provide the required signal. A 5-in. 
bore Maxam cylinder was used for 
the 10-in. valves and a 10-in. bore 
cylinder for the 14-in. units, both 
being controlled by standard valves. 


—_COMPONENTS- 
Auto-assembly of transistors 


Some two years ago, when the deci- 
sion was made to ‘transistorize’ 
1.B.M. computers, it was apparent that 
large numbers of uniform, inexpensive 
transistors of high quality would be 
needed. The I.B.M. 7090, for example, 
contains over 50,000 transistors. With 
this in mind, I.B.M. have now deve- 
loped an automatic system for assemb- 
ling transistors at the rate of 1800 an 
hour. Said to operate five times as 
fast as semi-automatic methods, the 
new machine consists of nine units 
joined by conveyors. Tolerances as 
close as 0-0005 in. are claimed, as is 
greater uniformity of product than 
before. I.B.M. say this is the first 
automatic method of making n-p-n 
alloy junction transistors. 


1.B.M.’s automatic system assembles 
transistors at the rate of 1800 an hour 
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INTERNATIONAL - 


British papers for I.F.A.C. 


The Papers Panel of the British Con- 
ference on Automation and Compu- 
tation have now submitted papers for 
the International Congress on Auto- 
matic Control which is to be held in 
Moscow from Monday, June 27 until 
Wednesday, July 6, 1960. The papers 
committee in Moscow have received 
more papers than they need and it is 
possible, therefore, that they may not 
accept all the British contributions. 
B.C.A.C. have submitted the follow- 
ing papers: 
Category ‘A’ 
The application of Kolmogorov’s equations 
to randomly disturbed control systems by 
J. F. Barret. 
The optimization of a class of non-linear 
filters by J. K. Lubbock. 
Relay control systems optimized for various 
performance criteria by A. T. Fuller. 
Temperature rises in component parts for 
control systems by A. Tustin. 





Multi-variable 
Chatterjee. 
The preparation of charts and tables for the 
optimization of automatic control systems 
with random inputs by J. F. Coales and 
. Y. Lawrence. 

The application of automatic control in the 
British Sugar Corporation Ltd. by T. Camp- 
bell-Macdonald and R. M. J. Withers. 

An automatic machine for building bicycle 


control by H. K. 


process 


wheels by A. V. Hemingway and R. L. 
Dressler. 
Self-optimizing control mechanisms and 


some principles for more advanced learning 
machines by A. M. Andrew. 

Developments and future possibilities of 
automatic control on the British grid system 
by W. Casson, F. Moran and H. F. R. 
Taylor. 

Automatic control of long distance telephone 


calls dialled by subscribers by H. E. Francis. 


The precision driving and absorption dyna- 
mometer, Part I—digital speed control, Part 
11—torque measurement by W. H. P. Leslie. 


4 study of interacting in a multi-loop con- 
trol system by D. S. Mitchell and C. R. Webb. 
Gain modulated control systems by J. C. 
West. 

4utomatic aids to improved supervisory con- 


trol by C. A. Laws. 








ELECTRONICS IN 
PRINT. An r.c.- 
coupled amplifier, 
one of the practical 
aids to the teach- 
ing of basic elec- 


tronics theory 
which the Special 
Products Depart- 


ment of A.E.|. Radio 
and Electronic Com- 
ponents Division 
has developed in 
collaboration with 
Northampton Poly- 
technic. This unit 
costs £8 





Techniques for the automation of analytical 
methods by D. A. Patient. 

Time series and Z-transform methods of 
analysis of linear and non-linear control 
systems by A. J. O. Cruickshank. 

Some steps towards automation in the steel 
industry by L. N. Bramley, S. S. Carlisle and 
R. B. Sims. 

A quantitative design method for 
control systems by R. Jackson. 
Approximate transient response calculation 
using some special sets of polynomials by 
O. P. D. Cutteridge. 

Limitations due to noise, stability and com- 
ponent tolerance on the simulation of con- 
tinuous physical systems by differential 
analysers by M. E. Fisher. 

The stability of interacting control systems 
by A. Jeffrey. 

Helixyn position control by D. J. Mynall. 
Application of operational methods to 
sampling and interpolating systems by B. M. 
Brown. 

The transient behaviour of multi-component 
distillation columns by H. H. Rosenbrock 


simple 


Category ‘B’ 

An experimental control system with con- 
tinuous automatic optimization by W. K. 
Taylor. 
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Control equipment for ship stabilization by 
J. Bell. 

Theoretical and practical techniques applied 
to the design of a gas turbine engine 
governor by S. R. Tyler, R. Ruggles and 
D. B. Welbourne. 

The parameter estimation problem by J. H. 
Westcott. 

Details of the Congress are available 
from: 


(a) The Organizing Committee of the 
U.S.S.R. National Committee for 
Automatic Control, Kalanchevskaja ul. 
15-a, Moscow 1-53, U.S.S.R. 


(b) The Honorary Secretary of 
I.F.A.C., Dr.-Ing. G. Ruppel VDI, 
79 Prinz-Georgstrasse, Diisseldorf, 
Germany. 


IN BRIEF 


James Gordon are to hold a private 
exhibition of their instrumentation and 
controls for boilers, furnaces etc., at 
the Lion Hotel, Warrington from April 
5-7, 1960. Details: James Gordon & 


Co. Ltd., Dalston Gardens, Stanmore, 
Middx. 


Blood pressure follower (Winsion 
Green), described in ‘Control in 
Action, November 1959, has been 
ordered in quantity (£12,000) by 


American hospitals. 


Ferranti Pegasus II has been success- 
fully experimented with by Martins 
Bank. Since January 1, one Martins 
branch has carried out current-account 
book-keeping including the production 
of statements for customers. 


Data-processing standards, B.S. 3174: 
1959 * Alpha-numeric punching codes 
for data-processing cards” is the first 
of a series of such standards to be pub- 
lished by the B.S.I. 

Silicon of high purity is to be pro- 
duced in Britain by Monsanto follow- 
ing an agreement with German 
Siemens. 


Second Electronic Computer Exhibi- 
tion and Symposium is to be held at 
Olympia, London, from October 4-12, 
1961. Details: D. C. Scoones, Esq., 
Peat, Marwick & Mitchell & Co. 
94-98 Petty France, London, S.W.1. 

Swedish data processing equipment, 
the Wegematic 1000, by ABN-bolagen, 
has been shipped to Gevaert Photo- 
Producten N.V., Antwerp. This is the 
first Swedish-built electronic computer. 


Deciplex electronic computer by 
Southern Instruments has been in- 
stalled at the Coatbridge Technical 
College, Lanarks.—the first Scottish 


Technical College to have a computer. 


Midlands Instrumentation Exhibition 
and lecture programme organized by 
A. M. Lock & Co. Ltd. (Newborough 
Road, Shirley, Solihull; telephone: 
Shirley 5703) will be held from March 
22-25 at Bennett Hall, Central 
Y.M.C.A., Snow Hill, Birmingham, 4. 
Equipment from W. G. Pye, A. M. 
Lock, Evens Electroselenium, Elop 
Moisture Meters, Elcontrol, Telequip- 
ment, Stonebridge Electrical, Dr. W. 
Ingold (Ziirich), Southern Instruments 
and Cossor Instruments, will be dis- 
played. 


Telemechanics Ltd. have moved to 
Brokenford Lane, Totton, Southamp- 
ton; telephone: Southampton 3666. 


Tektronix oscilloscopes—handled in 
the U.K. by Livingston Laboratories— 
have been reduced in cost some 3%. 
This is due to reduced freight charges 
consequent upon assembly in Guern- 
sey. As an American import, Tektronix 
equipment is subject to import duty, 
and manufacture in Guernsey entails 
a request for Commonwealth Prefer- 
ence before duty-free importation into 
the U.K. is possible. Livingston 
Laboratories hope to make a further 
statement shortly. 
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This new 


multelec 


recorder— 


Chart-drive gear 
train and multi- 
point mechanism 


Multi-point printing mech- Chart frame swung away for ready access to main-frame components 


anism with self-lubricating 
pen-carriege unit 


uses the same system and components as those in the 
electronic circular-chart recorder in the KENT Commander 
range. It retains, however, the same easy-to-read strip-chart 
(10 in. width) used in the Mark 2 Multelec instrument. The 
Mark 3 is available for the measurement of such variables as 
temperature, oxygen percentage, millivoltage, reactor power level, 
and—for certain applications—Mark 30 automatic control is 
included. 





Outstanding features include : 


@ All-mains operation—no batteries; no standard cell 
Mark 3 Multelec recorder @ Availability in single-, 2-, 3-, 4-, 6-, 8-, 12- and 16-point form 
@ 2-second full-scale travel 
@ High-speed, deadbeat balancing on both a.c. and d.c. inputs 
@ Wide choice of chart speeds, from } in./hour to 4 in./minute 
@ High-gain amplifier, with synchronous converter having extremely |:w dri.t 
@ Multi-point printing intervals of 5, 10 or 20 seconds, depending on 

application 
@ Mark 30 Series air-operated automatic control is provided when requ red 
(single-, 2-, or 3-term); also electric on/off control 





For full details write now for Publications 293 and 295, or telephone General industrial 


MASTERS OF INSTRUMENTATION Contracts Department (Luton 2440, Ext. 8) for a quotation 
GEORGE KENT LIMITED - LUTON: BEDFORDSHIRE 


Factories, Subsidiary Companies, and Branch Offices in London * Resolven * Hitchin * Toronto * Montreal * Vancouver 
Melbourne * Sydney * Johannesburg * Salisbury * Penang * Bangkok * Brussels * Krefeld * Vienna 
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TEMPERATURE TRANSMITTER 


pneumatic output 

The actuating element of a temperature 
transmitter is the Bourdon spring of a 
mercury-filled system, the spring moving 
a simple force beam which eliminates 
compression springs or balance weights. 
The Sensaire converts measured tem- 
perature into a proportional 3-15 lb/in 
output pressure, and due to the use of a 
small bulb has a rapid response-speed. 
Range spans are 50, 100, 200 or 400°F, 





Accurate, sensitive 


or 25, 50, 100 or 200°C, and calibration 
accuracy is stated to be within 1% below 
550°F; maximum continuous over-range 
temperature is in the order of 100° 

above upper range-limit. 

A derivative-response adjustment-unit 
is available, which may be used when a 
very fast response is required. Made by 
Taylor Controls, the Sensaire will operate 
within an ambient range of 30 to 
+150°F. 

Tick No 501 on reply card 


MULTI-BANK VALVE 


for hydraulic control 
One of the main difficulties experienced 
in employing hydraulic control systems 
on mechanical handling equipment is the 
tendency for mechanisms already in use 


Will function up to 2000 Ib/in2 





to be affected when other mechanisms 
controlled by the same circuit are 
brought into operation. A multi-bank 
valve designed for inclusion in such 
systems is claimed to permit the use of 
any number of valves in the bank, indi 
vidually or simultaneously, without load- 
drop when controlling cylinders at lower 
than mains operational pressure. This 
has been achieved by incorporating a 
check valve in the valve body and posi- 
tioning it in the pressure line between 
the valve spools. Specially formed valve- 
ports ensure that check valve and asso- 
ciated porting are of sufficient capacity 
to avoid the generation of heat under 
operational conditions. 

Made by Joseph Young, these are 
available in a range of sizes with capa- 
cities from 15 to 45 gal/min at operat- 
ing pressures up to 2000 ib/in*. They can 
be used in any hydraulic control system. 
Tick No 502 on reply card 


OVERLOAD CUT-OUT 

with snap-action element 
Designed specifically for sub-fractional 
h.p. motors | in. in diameter and larger, 
a miniature over-temperature protector 
is equally suitable for small solenoids 
and transformers. 

Responsive to both current and tem- 
perature, the protector is designed with 
a compensating heating element to en- 
sure that the snap-acting, disk-type 
sensing element will follow closely the 
temperature changes of the component 
to be controlled. Protection levels are 
150, 175 and 200°C. Maximum contact 
capacity is 5 amperes at 27V dic. or 
120 V a.c., and the units conform to mili- 
tary specifications MIL-M-7967 and 
MIL-M-8609, or when mounted in 
equipment to MIL-E-5272. 

The Texas Instrument’s Klixon 5891 
has no flanges or mounting projections, 
and the dimensions, 0°28 < 0-20 X< 0-60 
in., are kept to a minimum by using 
welded-on leads. Weight, excluding leads, 
is 1 g. 

Tick No 503 on reply card 


POWER SUPPLIES 
highly stabilized 


Models are available in a series of high- 
stability transistor power-supplies cover- 
ing the range 0-5 A at 0-10 V, and 1, 2, 
6 or 10A at 0-SO V. The output in each 
case is fully floating, and adjustment is 
made by coarse and fine controls with 
meters indicating output voltage. In order 
to obviate the effects of loss in connect- 






A monthly review of system components and instruments 


ing leads the 2, 6, and 10 A models have 
a pair of ‘line loss’ output terminals, 
which may be connected directly to the 
load so that true load voltage is indi- 
cated on the meter and stabilized by the 
control amplifier. 

According to the makers, Metrix In- 
struments, a *‘ microsecond trigger ° biases 
the supply down to zero volts in the 
event of an overload surge, and an aug- 
menting relay system then cuts off the 
supply. Stability ratio with respect to 





Indicates true load-voltage 


mains is better than 2000:1, source im- 
pedance less than 0-005, and ripple is 
less than 0-5 mV peak-to-peak on all but 
the 10 A model, where it is 2 mV. Prices 
from £47 to £180. 

Tick No 504 on reply card 


CONTENTS GAUGE 


for non-pressurized tanks 


A. pressure-bulb-type hydrostatic tank 
contents gauge will measure the head of 
liquid in most types of non-pressurized 
tank, wherever situated and regardless of 
size and height. Its indicator may be 
placed up to 250ft from the tank to 
show by a dial and pointer (from 4 to 
12in. in diameter) either the depth of 
liquid or the tank contents. The gauge 
is completely self-operating and offers 
continuous indication. 

It consists of two units, transmitter and 
indicator, together with suitable airline 
and connectors, The tank liquid fills the 
lower chamber of the transmitter unit. 
sO pressing against the lower surface-area 
of a synthetic-rubber pressure-bulb. This 
pressure, the hydrostatic head of liquid 
in the tank, is transmitted through 4 
small-bore air-line to the indicator. It is 
necessary to know the density of the 
fluid in order to calibrate the indicator 
in depth units and also the tank size and 
shape if readings are required in volume 
or mass units. The bulb is of such a 
shape that in operation it is similar to 2 
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Simplifix—the sure and simple compression coupling 


i n d u st ry ie copper Pipe. Perfect joints with almost all kinds of 
tubing, including those with very thin walls. 
No work to do on the pipe. Simply tighten the nut 
prefers ee 


—the anti-friction washer prevents pipe twisting. 
SI M PLI FI X Manufactured since 1930, still the best. Millions in use. 
Made in sizes to suit tubing from }” to 2” O.D., 
in a wide range of interchangeable standard fittings. 


th e fool p roof Non-standard fittings also made to order. 


a Let us send you the Simplifix catalogue. 
coupling 


The illustrations show control panels and centrifugal machines 
at the Plaistow Wharf Sugar Refinery of Tate and Lyle Ltd., 
where large numbers of Simplifix couplings are used. 


SIMPLIFIX COUPLINGS LTD - HARGRAVE ROAD 
Sl M Li Fl X MAIDENHEAD - BERKS - TEL: MAIDENHEAD 5100 


A member of the ALENCO Group of Companies 


STEIN 
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|New for Control, 


rigid piston of large area sealed by a 


membrane of low stiffmess around its 


edge. The transmitter unit, weighing 
12lb and with an overall diameter of 
8} in., may be mounted externally with 


a short pipeline entering either the side 
or bottom of the tank to penetrate above 
sludge level. 

Made by Firth Cleveland, the recom- 
mended working temperature at the 
transmitter is 65°C. 

Tick No 505 on reply card 


D.C. AMPLIFIER 


with variable gain 
Two amplifiers are contained within this 
single unit, which is intended mainly 
for use in experimental work on system 
frequency and transient response, and as 
a unit for analogue computers. 

One amplifier has a gain continuously 
variable between | and 20 by feedback 
adjustment. Its operating range is d.c. to 
100 kc/s (+3 dB), and it has a balanced 
input stage to reduce drift effects. The 
other operates either at a gain of —1 for 
phase reversal (d.c. to 100 kc/s), or —150 
(d.c. to 40 kc/s) for addition, integration, 
or function generation using external net- 





* Two-in-one ’ 


works. Maximum output in either case is 
=30V at =2 mA. 

The two amplifiers in the unit may be 
used independently, or connected in 
series to give a maximum gain of 

3000. Made by Feedback Ltd.. 

Tick No 506 on reply card 


GAS DETECTOR 


with built-in alarm 
Designed to give indication and alarm 
when gas concentrations reach unsafe 
levels, this unit may be operated as a 
portable instrument with probe-type 
element, or as fixed indicator/alarm 
with up to 100ft of cable to detector 


134 


element. Battery and battery-charger pro- 
vide for portable power, and the unit 
may also be operated directly from 


110 V a.c. 
The indicator meter 
percentage of 


is calibrated in 
lower explosion-limit of 





Mains-operated or portable 


gas in question. An adjustable meter trip 
provides an alarm circuit for a built-in 
buzzer alarm, auxiliary contacts are pro- 
vided for external alarm or shut-down 
circuits, and an adjustable current-meter 
allows approximate classification of indi- 
vidual gas constituents in many gas mix- 
tures. Manufactured by Houston Instru- 
ments, U.S.A. 

Tick No 507 on reply card 


PYROMETER 


for exhaust-gas temperature 


A pyrometer for measuring diesel-engine 
exhaust-gas temperatures at the cylinder 
outlets or in the exhaust manifold has 
been developed by Savage and Parsons. 
The instrument comprises up to eight 
iron/constantan thermocouples, in stain- 
less steel sleeves, and a moving-coil meter 
which can be mounted on the instrument 
panel. 

The thermocouples may be fitted 
through an entry port in the exhaust- 
manifold, and each thermocouple is con- 
nected to the meter, which has eight pairs 
of terminals moulded into its back, 
enabling up to eight separate positions 
to be measured. A nine-position selector- 
switch on the front of the meter allows 
the operator to select each thermocouple 
in turn, and the temperature can be read 
directly off the dial. 

A bi-metal strip incorporated in the 
meter automatically compensates for 
changes of ambient temperature once the 
zero has been set. The dial is scaled for 
temperature readings from 0-1600°F with 
the position of maximum accuracy at 
1200°F, and the meter may be calibrated 
for any desired length of 22 s.w.g. lead 
from the thermocouples, up to 50 yd. 
Tick No 508 on reply card 


FLAME PROTECTOR 


with magnetic gas valve 
A flame protection system is said by the 
makers to give rapid shut-off of gas in 
the event of flame failure. 

The unit consists of three parts: a 
magnetic gas-valve; a pilot burner and 
sensing probes; and an amplifier. Upon 
cstablishment of the pilot flame a cur- 
rent flows between probe and earth, 
which is passed to the amplifier, the 
amplified signal holding the magnetic 
gas-valve open. For starting, the mag- 
netic valve may be opened by a push- 
button. Flame failure, or short-circuit- 
ing of probe to earth, causes closure of 
the magnetic valve after a two-second 
delay. 

The Perltronic 90 is made by Per! 
Controls. 

Tick No 509 on reply card 


OSCILLATOR 


for ultra-low frequencies 


With output continuously variable over 
a frequency range 0-0lc/s to 1ke/s 
by resistance-capacitance tuning, _ this 
oscillator incorporates a selective ampli- 
fier circuit with controlled positive feed- 
back to maintain continuous oscillation. 
The feedback circuit includes a sym- 
metrical diode limiter, the constant- 
amplitude rectangular wave from which 
is applied to the input of the amplifier. 
The sensitivity of the amplifier reduces 
the harmonic content of the output to 
negligible proportions. 

The diode limiter also has the advan- 
tage of providing amplitude control 
down to the lower limit of frequency. 
After a sudden transient (e.g. changing 
ranges) the amplitude of oscillation is 
stabilized within about three cycles. This 
rapid response, together with the ability 
to tune continuously from 0-01 c/s to 
1 kc/s, makes the oscillator suitable for 


Fundamental and quadrature outputs 
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Output 
available 
for: 


Galvanometer 
Recorders 
o-+4mA, 
500 ohm 


Chart 
Recorders 
0 - 200 mV 


Magnetic 
Tape 
Recorders 
o-+3V 


Telemetering 
Preset 

o- + 5 V; 
+ 1% 


Digital 
Output 


PRESSURE TRANSDUCERS 


Insensitive to acceleration 


Linearity and hysteresis better than 0.5% 


Large Output 


Differential, absolute or gauge 


Now available as complete systems for quick delivery 


Type Size 

SE 70 ,” x1” 
SE 50 14” x 1” 
SE 65 2” x1}" 


O- + 2 psi. t0O - + 400 p.s.i. 
O- + § p.S.i. (00 — + 2,000 p.s.1. 
O - + 2,000 p.s.i. t0 O — + 6,000 p.s.1. 
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5. E. LABORATORIES LTD 


MEASUREMENT AND CONTROL EQUIPMENT 


Contractors to Ministry of Aviation - A.I.D. approved 
606, North Feltham Trading Estate, Feltham, Middlesex. Tel: Feltham 5876 


Tick No 87 on reply card for further details 








‘New for Control, 
checking the performance of low-fre- 
quency recorders 

At the frequency of oscillation, each 
of the two integrators gives a phase shift 
A quadrature output 
is therefore available after the first in- 


of very nearly 90°. 


tegrator stage, which may be used for 
testing servo systems. The output level 
of the 0° output is continuously variable 
up to a maximum of 15 V into a mini- 
mum load of 10k2, output being con- 
stant within 4°, over the entire fre- 
quency range. The distortion is less than 
0-SY, from 20c/s to 1ke/s. Hum and 
noise are less than 0-1 The 90° out- 
put has a phase accuracy of 90° = 0-5 
(lagging) referred to the 0 
sured at 400 c/s. 

The type 445, by Dawe Instruments, 
has overall dimensions of 84 X 13 
124 in. with a net weight of 194 Ib 
Power consumption is about 50 W. 
Tick No 510 on reply card 


PRESSURE TRANSMITTER 


pneumatic output 
A transmitter converting differential pres- 
sure to a proportional pneumatic output 
signal of 3-15 1b/in° is of the force bal- 


output mea- 


Accuracy within | f.s.d 


ance type with continuously adjustable 
damping. The range is adjustable from 
0-20 in. to 0-200 in. water gauge: inver- 
sion of the range-adjusting nut increases 
this to 0-30in. to 0-300 in 
claimed to be 1°% of full scale 

The body of the Fischer and Porter 
model 1465 is stainless steel, working 
parts being Fibreglass 
cover. It is the British version of thei: 
American associates’ model 10 A 1460 
Tick No 511 on reply card 


MAGNETIC PICK-UP 
constant-amplitude output 


A magnetic transducer, with an output 


Accuracy is 


enclosed in a 


wave-form suitable for most types of 
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high-speed electronic counting equip- 
ment, incorporates a transistorized trig- 
ger-circuit which operates from supply 
voltages between 3 and 25 V, and elimi- 


nates the need for screened cables, step- 


Speeds from 10-10,000 rev/min 


up transformers and shaping circuits in 
the associated electronic equipment. 
Movement of any ferrous object adja- 
cent to the tip of the  pole-piece 
generates a constant-amplitude constant 
rise-time square wave. When used with 
shaft-mounted toothed wheels this pick- 
up enables accurate revolution counting 
and shaft-speed measurements to be 
carried out over a range of speeds from 
less than 10 to more than 10,000 rev/min. 
Made by Pentechnique, this totally 
enclosed pick-up will operate in ambient 
temperatures up to 50°C. 
Tick No 512 on reply card 


POWER SUPPLY 


rapid overload protection 
A transistorized power-supply, developed 
for computers, has five outputs + 15 V at 
10 A; =6 V at 5 A; and 48 V at 1A. 

A fast-acting overload device is 
claimed to cut off all outputs if current 
drawn exceeds a predetermined value, 
and manufacturer’s figures of 0-2% and 
less than 3mV are quoted for line and 
load regulation and ripple respectively. 
Made by Invar Electronics (U.S.A.) the 
unit measures 74 X 17 
Tick No 513 on reply card 


MINIATURE POTENTIOMETER 


aluminium cased 

Said by the makers to be the smallest 

spindle-operated model in production, the 

type L is 0-Sin. in diameter, and has a 
rating of 0-25 W 

There are two tracks, a carbon (resis- 

tive) outer, and a silver-loaded (conduc- 


13 in. 


Small but robust 


ti) 
sS 
/ 


live) inner, bridged by a single insulated 
brush. The maximum working voltage ig 
350 V, and it will operate between --5§ 
and +85°C. Available from Plessey, re- 
sistance range is 1 k2 to 2-5 MQ, linear 
law only. 

Tick No 514 on reply card 


QUICK LOOKS 


Silicon resistors with values extending 
from 682 to 1-°8kQ2 (+ 10%) are now 
made as standard items by Texas Instru- 
ments. 

The Sensistor silicon resistor, a tem- 
perature compensating and sensing de-— 
vice, features a large positive tempera- 
ture-coefficient of 0-7% /°C and a constant 
predictable rate of resistance-change with 
temperature. These features, it is claimed, 
make this resistor ideal for temperature 
compensation and sensing from —50 to 
+200°C in very-high-frequency circuitry, 

They are now available in three types: 
the TM 1/4 and TM 1/8 axial-lead | 
moulded units, and the TC 1/8 in a? 
standard round welded case. 
Tick No 515 on reply card 


Described by the manufacturers as a 
* transistorized analogue frequency 
meter’, the TSA 501 covers a range of 
3 c/s to 300 kc/s in ten steps, each range 
expandable by a factor of three or ten. 
Made by Venner Electronics, this 
instrument will accept inputs of ampli- 
tude between 20 mV and 250 V r.m.s. for 
sine waves, or 0-5 to 500V_ peak for | 
pulse-wave-form. Operated from a 12V 
internal battery, or SOc/s 200-250V 
mains, the input impedance is 250 kQ © 
shunted by 50 pF. 
Tick No 516 on reply card 


Measurement of background radiation is 
continuously recorded by a portable in- 
strument powered by a car-battery. It 
consists of an 18-in. long ionization 9 
chamber mounted vertically on an her- 
metically-sealed case containing the 
electrometer circuitry and a clockwork 
recorder. 

The makers, Electronic Instruments, 
state that the Gammagraph has a zero 
stability better than 2°, of full-scale for % 
one month, and that the device will 
operate continuously for this period with- 
out maintenance or attention. 

Tick No 517 on reply card 


An inductance pressure-tranducer is of 
the retracted diaphragm type for use 
with an f.m. system. The makers state 
that it may be calibrated statically, but 
has a high frequency response, and is 
capable of withstanding 100% overload 
without damage. Linearity and hysteresis? 
are better than * 1°, of full range, and 
it should work up to 150°C without cool- 
ing. Said to be splash proof, and resis-~ 
tant to attack by corrosive atmospheres, 
the G300 is available from Southern In-3 
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are you in the DARK ? 

Taylor Fulscope Controllers as used by Courtaulds Ltd. 
will make LIGHT of most control problems 

(Apply for bulletin) 





OT ae 6; ls Limited 


iY IRO 


[New for Control] 


struments in pressure ranges from 0-10 
to 0—10,000 Ib/in’, with mounting threads 
t, 4, 4in. BSP, and 14 and 18 mm. 

Tick No 518 on reply card 


A range of multiple barrelling-machines 
is available in three models: the 6/12 
(basic 6-drum unit), 9/12 (basic 9-drum 
unit), and 12/2X (basic 12-drum unit). 
The plastic barrels have a capacity of 
0-25 ft*, and separate time-switches for 
each barrel control processing so that at 
the end of each time-cycle the cradle 
holding the appropriate barrel falls for- 
ward indicating completion of process. 
Developed by Rolls-Royce, the Multi- 
Matic is marketed by Roto-Finish. 
Tick No 519 on reply card 
These general purpose relays will operate 
a 4-pole change-over stack for 0-75 W d.c. 
or 5-0 VA a.c. input, and are available 





in various contact formations. The 4-pole 
change-over will make or break 5A at 
30V dc. or SA at 230V ac. (non- 
inductive). 

B. and R.’s M.01 (d.c.) and M.S51 (a.c.) 
relays measure 14 X 1;; X 14} in., and 
may be fitted with an integral transistor- 
amplifier for high sensitivity. 

Tick No 520 on reply card 


A unit designed to detect ‘tramp’ iron 

in conveyor loads etc., may be made to 

operate a warning or control device. 
The type TN, consisting of a search 

coil and control unit, is made by Metal 

Detection Ltd. 

Tick No 521 on reply card 


The Unical decimal desk-calculator, 
Swiss designed, is now available in 
England from Kenneth Miles. It is 
claimed that the 99 table cards enable 
solution of simple products (up to 
99 & 9999) to be found as quickly as 
by an electric calculator. 

Tick No 522 on reply card 


A range of totally-enclosed fan-cooled 
motors claimed to be smaller and lighter 
than existing motors of similar type is 
announced by English Electric. The 
dimensions of the new motor are exactly 
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the same as the type ‘C’ ventilated 
motor (British Standard 2960) and the 
two types are interchangeable. Features 
of these motors are an all cast-iron ex- 
terior with finger-proof cowls, a plastic 
non-corrosive external fan, and a 
weather-proof terminal box. 

The range of outputs is covered by 
twelve frame sizes: 2-pole 14-30 h.p.; 
4-pole, 1-40 h.p.; 6-pole, 4-25 h.p.; 
8-pole, $-20 h.p. The motors can be 
wound for operation on any two- or 
three-phase supply up to 650V at 50 
to 60c/s, and will give an average 
starting-torque of approximately 200° 
full-load torque with an average starting 
current of 700° full-load current when 
started direct-on-line. 

Tick No 523 on reply card 

Where control of several stages of cool- 
ing and/or heating is required, multi- 
switch temperature-controls, with from 
two to five switches, are available from 
the Partlow Corporation (U.S.A.). Each 
of the five switches may be set indepen- 
dently at any point on the scale, and it 
is Claimed that a typical example of this 
type will control a fall of from 100 to 
10°F in 15 minutes with perfect linearity. 
Tick No 524 on reply card 


A potentiometer, manufactured pri- 
marily for servo operation, is precision 
machined, and has ball-races fitted in 
the lid and base to ensure minimum end 
and side play on spindle, and low operat- 
ing torque. The effective angle of resis- 
tance on standard models is 300°, and 
the maximum resistance is 200k 2 on a 
card winding. 

It is }2 in. in diameter with a depth 
of Iss in., and is made in 2W or 4W 
ratings by General Controls. 

Tick No 525 on reply card 


Filters for compressed-air pipelines are 
available either for normal concentra- 
tions of water, oil-mist, or grit, or for 
virtually complete removal of oil- and 
water-mist where pure air is essential. 
Made by Vokes to take 4, 3, and } in. 
air lines, models with transparent bowls 
will withstand up to 150 Ib/in*, with 
metal bowls up to 250 Ib/in’. 
Tick No 526 on reply card 
An_ hermetically sealed potentiometer 
designed to work within the range —40 
to +70°C, is available from Plessey. Re- 
sistance range extends from 5002 to 
2-0 MQ (linear or logarithmic), and maxi- 
mum voltage across resistance is 500 V. 
Tick No 527 on reply card 


A combination controller for seam or 
roller spot welding machines provides 
synchronous starting and stopping of 
welding-current, and time-control of each 
‘weld’ and ‘ off’ period. Heat control is 
by ignitron phase-shift. 

The timing circuit uses Dekatron 
counting tubes, which are displayed to 
show the count in progress, and the tim- 


ing-unit chassis is hinged to swing for- 
ward for easy servicing. 

Made by British Federal, the HC/4- 
SS/1 will work from any 50-60c/s 
supply between 350 and 520 V. 

Tick No 528 on reply card 


An instrument for testing coils for 
shorted turns is available in either a 
mains or battery-operated model. Indica- 
tion is provided by a green or red light 
showing good or faulty coils. Made by 
A.C. Industries, the standard model has 
a probe 2} X ;; in. diameter. 

Tick No 529 on reply card 


INDUSTRIAL 


PUBLICATIONS 





Non-metal pumps for active fluids are 
described in a leaflet (Lab Mail) from 
Glencreston. 

Tick No 530 on reply card 

Stepper motors and pulsed stepping de- 
vices are shown in a booklet from A. W. 
Haydon Co. 

Tick No 531 on reply card 

Valves and cathode-ray tubes for indus- 
trial use are shown in the 1960 catalague 
of the M-O Valve Co. 

Tick No 532 on reply card 

Gas-ratio controller, Comprehensive de- 
tails are given in a leaflet published by 
Union Carbide International Co. 

Tick No 533 on reply card 

Equipment for automation in analysis 
manufactured by Baird & Tatlock is 
shown in their brochure _ entitled 
Analmatic News. 

Tick No 534 on reply card 

Flow-gauges and valves are two of the 
items described in a set of six data- 
sheets from Drallim Industries. 

Tick No 535 on reply card 

Analogue computer units are described 
in a catalogue from Bruce Peebles & Co. 
Tick No 536 on reply card 

The Weissenberg rheogoniometer is ex- 
plained in a booklet by Farol Research 
Engineers. 

Tick No 537 on reply card 
Polarographic equipment is featured in 
a catalogue from the Cambridge Instru- 
ment Co. 

Tick No 538 on reply card 

Motors for cranes, hoist and lifts. A 
catalogue from the Lancashire Dynamo 
& Crypto Co. 

Tick No 539 on reply card 

B.T.H. escort marine radar. Details are 
given in a new coloured brochure issued 
by Associated Electrical Industries. 
Tick No 540 on reply card 

Brodie-Kent meters. A new booklet 
together with literature on some remote 
control equipment is published by 
Gilbarco. 

Tick No 541 on reply card 

‘A World of Meaning’ is the title of a 
new 100 page book published by Smiths, 
dealing with all their engineering (and 
domestic) products. 

Tick No 542 on reply card 
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CAPTURE 


TRANSIENT PHENOMENA 


FOR GOOD WITH 


PEN RECORDERS 


on 


re 






BS 


— 
—— 
el . 
== Continuous recording of rapid, transient or oscillatory pheno- 
a mena is made possible with Kelvin Hughes High Speed pen 





recording instruments. A wide range of instruments is available 
including new units which will permanently record up to 8 
variables simultaneously. When used in conjunction with 
special Kelvin Hughes bridge amplifiers and power units, the 
recorders will measure strain, force, displacement, drag, 
pressure, acceleration and similar variables, providing in- 
stantaneous permanent recordings. Rapid response, versatility 
and dependability make them well suited for research work in 
aerodynamics, rockets, hydraulics, computers, and countless 
applications in industry, including civil engineering, mining, 
production testing of motor cars and tractors. 


Ruggedly built and insensitive to external vibrations, Kelvin 
Hughes pen recorders will operate effectively under the most 
exacting conditions in vehicles, aircraft, and where heavy 
industrial plant is operating. 


Please write for technical literature. Kelvin Hughes 
specialists are freely available to advise on any particular 

KH application for single- or multi-channel recorders in 
industry. 


KELVIN HUGHES 


SPECIALISTS IN INDUSTRIAL MEASUREMENT 


KELVIN & HUGHES (INDUSTRIAL) LTD., KELVIN HOUSE, WEMBLEY PARK, MIDDX 
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60-72 Kelvin 


Avenue, Hillington, Glasgow, S.W.2 


Tick No 89 on reply card for further deta Is 
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Book Reviews 


Amplifiers 

Circuit Theory of Linear Noisy Networks by H. Haus and 
R. Adler. Chapman & Hall. 1959. 79 pp. £1 16. 

This is a book for the specialist. 

Recently there has been a great deal of interest aroused 
in parametric amplifiers because of their low-noise character- 
istics. The present book does not set out to provide a theore- 
tical treatment of such devices, but it does set out to look for 
a rational approach to the characterization of amplifier spot- 
noise performance, and the general matrix methods developed 
are obviously capable of extension to deal with more compli- 
cated problems. 

The problem of noise-performance optimization leads natur- 
ally to a search for the properties of linear noisy networks 
which are invariant under lossless network transformations. 
In the present volume these invariants are determined for 
multi-terminal pair networks and their physical interpretation 
in terms of a generalized ‘available power’ are presented. 
A canonical form is also developed which exhibits all the in- 
variants in a particularly simple way. The authors then pro- 
ceed to consider the special case of a linear two terminal pair 
amplifier, and show how to obtain a lower limit on its noise 
performance. The various ways of achieving this lower limit 
are then presented and discussed. 

The book is only the second contribution of the Technology 
Press Research Monographs, which has as its objective making 
available research studies readily accessible to the libraries 
and the independent worker. DENIS TAYLOR 


Ares 


The Electric Arc by J. M. Somerville. Methuen & Co.: Lon- 
don. John Wiley & Sons: New York. 150 pp. 12s 6d. 

While this monograph is not conventionally speaking a ref- 
erence book—and Dr. Somerville makes some careful dis- 
claimers to this effect in his preface—it is compact and 
comprehensive and may sometimes be used for reference. The 
five chapters are self-contained, and designed to give the non- 
specialist reader a clear physical picture of the phenomena. 
Among the matters dealt with are the properties of the arc 
column, electrode-column junctions, and the approach to the 
stable arc. There is an excellent bibliography with nearly 200 
entries. 


K. J. SPARE 
Calculus 
Operational Calculus by Jan Mikusinski. Pergamon Press. 1959. 
495 pp. £5 


it is a pleasure to be able to recommend this book as a very 
readable and well-written text on operational calculus. One of 
the Pergamon Press series on pure and applied mathematics, 
this volume by Professor Mikusinski has been translated from 
the second Polish edition. German and Russian editions hav- 
ing previously appeared. Occasional phrases betray this book 
as being a translation: the use of ‘ voltage pulsation’ for angu- 
lar frequency and ‘ cathode-ray tube’ where valve (or vacuum 
tube) had been intended are examples. Otherwise the transla- 
tion is excellent. 

For a rather large investment one obtains an ample return 
in this book, which contains much original material previously 
appearing only in foreign-language journals. Using the defini- 
tion of convolution as a basis, operational calculus is developed 
in the four main sections of the book, which deal with opera- 
tional algebra, sequences and series of operators, operational 
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differential calculus and linear differential equations with con- 
Stant operational coefficients. Chapters are devoted to such 
applications as electric circuit theory, vibrations of a string 
and the equations of telegraphy. An extensive appendix deals 
in further detail with many aspects of the material covered in 
the main section of the book. Operational formulae and tables 
of Gamma, Bessel and Error functions are included in the 
section on formulae and tables. A welcome aspect of this book 
are the many worked examples and the large number of pro- 
blems for which answers are given. A number of misprints 
occur, but of those noticed by the reviewer none would mis- 
lead the reasonably knowledgeable reader, One will look in 
vain for a table of contents at the front of the book. It appears 
at the end, followed, where one could very easily overlook it, 
by a list of misprints. 

This is not a book for the average engineer. Control en- 
gineers, familiar as they mostly are with the Laplace trans- 
form, are not likely to change to the methods described. The 
mathematically inclined person will, however, find this a stimu- 
lating book to borrow from a library. The outstandingly logical 
and clear writing will be of considerable help to him in learn- 
ing to use the novel methods employed by the author. 

R, J. KAVANAGH 


Operations 


Operations Research Methods and Problems by M. Sasieni, 
A. Yaspan and L. Friedman. Chapman & Hall: London. John 
Wiley: New York. 1959. 316 pp. £4 2s. 


Much of the subject matter of this American book arose out 
of a problems course in operations research, designed as a 
companion course to the general methods course offered at 
Case Institute of Technology. A reader is assumed to have a 
working knowledge of the differential and integral calculus, 
should be familiar with the extreme values of a function of 
one or more variables, interpretation of a single or multiple 
integral as the limit of a sum, and the calculus of finite differ- 
ences (there is a short explanatory appendix on this subject). 
A little knowledge of statistics is also necessary. 

The book is primarily addressed to would-be specialists in 
the field, but could prove of interest to control engineers who 
may wish to see if the mathematical treatment of problems in, 
for example, sampling, equipment replacement, waiting times, 
competitive strategies, allocation of available resources and 
processing each of n jobs through m machines, could help them 
in solving some of their own design problems. 

The book is excellently produced and the type is most 
readable. L. LANDON GOODMAN 





Literature Received 

Electronic Computers—Principles and Applications by T. E. Ivall. 
Iliffe & Sons, London. Philosophical Library, New York. 1959. 
263 pp. £1 Ss * 701 
Proceedings of an International Symposium on the Theory of 
Switching Parts I & If. Harvard University Press. London: Oxford 
University Press. 1959. 648 pp. £6 per set * 702 
Trace Techniques using the K1000 Cathode Ray Polarograph by 
J. Hetman, Southern Instruments Lid. 1959. 48 pp. £1 5s *® 703 
Instrumentation and Computation in Process Development and 
Plant Design. /nstitution of Chemical Engineers. 1959. 175 pp. 
£4 * 704 
Automating the Manufacturing Process by George F. Hawley. 
Reinhold Publishing Co. 1959. 147 pp. £2 * 705 
Similarity and Dimensional Methods in Mechanics by L. I, Sedov. 
Cleaver-Hume Press, London, for Infosearch. 1959. 363 pp. 
£5 Ss * 706 
Autocontrol Experiments on Dido using Discontinuous Feedback 
by L. A. J. Lawrence. A. E. E. Winfrith. 1959. 42 pp.6s * 707 
Diode Response and Time Derivative of Response to an Exponen- 
tially Increasing Input Current by J. D. Cummins. A. FE. E. 
Winfrith. 1959. 12 pp. 2s 6d * 708 
Electrical Noise: Fundamentals & Physical Mechanism by Dr. D. A. 
Bell. D. van Nostrand Co. Ltd. 1960. 342 pp. £2 10s * 709 





% lick the relevant number on the reader information card for further information, 
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Burroughs’ 
New Sorter-Reader 





M.I.C.RFAUTOMATION EQUIPMENT THAT SORTS 
UP TO 1,560 PAPER DOCUMENTS PER MINUTE 
BY READING MAGNETIC INK CHARACTERS 


To meet the need of Banks and other businesses for increased 
Office efficiency, Burroughs have produced the unique B101 
Sorter-Reader. This new business machine brings automation 
to the burdensome job of sorting large volumes of documents— 
such as Bank cheque sorting. The new Sorter-Reader operates 
by reading characters encoded on documents in magnetic ink. 
In addition to its normal job of document sorting, the equip- 
ment may be synchronized with the automatic record processing 
of Burroughs’ Visible Record Computer System (small picture), 
or larger Tape Computer Systems. A new concept of accounting 
procedure is thus provided by these new systems. 
Full details available now from Burroughs, 356366 Oxford 
Street, London W.1. (Tel : HYDe Park 9861.) 


* Magnetic Ink Character Recognition 


FOR BANKING & BUSINESS - BURROUGHS’ B101 SORTER-READER 
1. Sorting speed—1,560 cheques or other paper documents a minute. 

2. Can be loaded and unloaded while sorting at maximum speed. 

3. Automatically reads and sorts documents of varying sizes and thicknesses. 


4. Flexible programming reduces number of sorting passes, allowing more 
rapid segregation of high-volume categories into special pockets. 


5. Combines digital sorting with the input to data-processing when used under 
the control of Burroughs’ Visible Record Computer (small picture). 


6. Carefully planned design permits efficient operation within a distance of 
only 9 ft. 


SE Burroughs ikst 9 


NEW DIMENSIONS IN ELECTRONICS AND DATA PROCESSING SYSTEMS 
Burroughs Adding Machine Limited, Avon House, 356-366 Oxford Street, London, W.1. Telephone: HYDe Park 9861 
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PNEUTOMATION 


Stop, before you start a new production scheme or expand your old one, 














have a word with Lang Pneumatic about ‘Pneutomation’ 
—the pneumatic power system you can buy ‘off-the-shelf’ to control 
a hundred-and-one jobs from jig-boring to bell-ringing. 
With ‘Pneutomation’ to help you, you can raise your production level , 
and maintain it—without human error and fatigue, 


rejects or inaccuracies to limit output. ,/ 










Squinch says: 
* Plan with Lang 
Pneumatic right 
from the start, you’ll 
be certain of the 

















happy ending!” Be . ‘a 
Write to: ay XN b 
5 <8 \V “ P 
~~ = ea , 
ae 
an? PHeumaae A X2 
[Associated with DESOUTTER BROTHERS ( iS) LTD) \ 


‘ae 
OWEN ROAD, WOLVERHA Mion 25221-2-3-4 


Telex No. 33193 






P.3430 
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Potentiometric recorders for research and industry 





CONTROL March 





These high-speed Potentiometric Recorders 
are continuously self-balancing, use electronic 
power amplification and motor drive. 

The chart, which is 10" wide, can be traversed 
in 2 seconds (1 sec. to order). Single or 
multitrace (2, 4, 8, 16) models are available, 
the latter with 5 or 15 seconds printing 
interval. High sensitivity: instrument 

responds to signals of less than 1 microvolt. 
Ranges: from 500 microvolts for single-point, 
I millivolt for multi-point models. But much 
more can b2 learned from Technical Publication 
2042 from Instrumentation Division, Associated 
Electrical Industries Limited. 


instrumentation Division 
P.O. Box 1 Harlow Essex Harlow 25271 


Associated Electrical industries Limited 


Sco 
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ACTUAL SIZE 


PIN-POINTING THE THREE ILLUSTRATED 


pesee FOR RELAYS 


TELEPHONE MANUFACTURING COMPANY LIMITED 
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bringing wider scope to relay applications... 


—_ Particularly where space is limited 


The high degree of reliability of this new range offers 
decided advantages in every aspect of industrial 


control involving electronic and electrical equipment. 


CAPABLE OF HANDLING POWER FROM MICROWATTS TO KILOWATTS 


there are: 


* TMC Zettler Relays with contacts which are gold-flashed to 
give maximum reliability. 





TMC Zettler Relays with injection moulded nylon lifting pins 
to give high stability. 


TMC Zettler Relays with a wide range of operating coils. 


TMC Zettler Relays with plastic covers for protection in tran- 
sit and to keep out the dust when installed. 


*K K KK * 


eee . 

TMC Zettler Relays which accommodate mercury tubes for 
ee. switching large loads. 

TMC Zettler Relays with latching features. 
i 


S€ TMC Zettler Relays with twinned contacts. 
x* TMC Zettler Relays to MIL specifications as used by NATO. 


TMC ZETTLER RELAY AZ210 _ Very compact. Screwless construction. 4 change-over actions. Fast speeds. 


Card operated springs. A version to suit printed circuits is available. 


TMC ZETTLER RELAY AZ20 = Small, general purpose relay. Robust construction. Can be fitted with light 
or heavy duty contact actions—or with low capacity change-over actions for 
high frequency purposes. Transparent plastic case. 

TMC ZETTLER RELAY AZ130 Smallest relay in the range fitted with twinned contacts. Can carry a maxi- 
mum of 18 springs in 2 contact stacks. Ideal replacement for 3000 type relay 


where space is limited. Can carry a microswitch from our own range. Trans- 
parent plastic case. 


With this new extension to their already wide range TMC are best equipped to meet your relay requirements 








Please write for illustrated literature 


RELAY DIVISION C - HOLLINGSWORTH WORKS - LONDON $.E.21 


Telephone: GiPsy Hill 2211 
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If you are concerned in any way with Automation 
Planning, make sure you have a copy of the new 
Amphenol Publication IEC2. Profusely illustrated 
in colour, this new book details a wide range of 
suitable Amphenol Connectors, includes reference 
sheets for contact arrangements and insert 
specifications. Write for your copy now. 


Micro-Ribbon Connectors 
57 Series 


Available in cable-to-chassis and rack and 
panel mounting types. Unique ‘ribbon’ self 
cleaning contacts ensure smooth extraction 
and insertion. 


*MinniE’ Connectors 


Quick-disconnect, multi-contact, miniature 
bayonet lock types. Available as Plugs, 
Cable and Panel Receptacies in 4 construc- 
tions, 5 shell sizes and 17 insert arrange- 
ments. 


Miniature ‘AN’ Connectors 
165 Series 


A miniature version of the standard ‘AN’ 

mector for aircraft instrumentation. 
Pressure-proof and completely waterproof, 
mated or apart. Also available with glass 
sealed panel members. 


AMPHENOL (Gt. Britain) LTD. 


Victoria Road, Burgess Hill, Sussex 
Telephone: Burgess Hill 85616 (3 lines) 
Telegrams: Amphenol, Burgess Hill 
AMPHENOL-BORG ELECTRONICS CORP., Chicago, U.S.A. 
AMPHENOL CANADA LTD., Toronto 9, Ontario. 
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Great advance in rak design! 


Imhofs new, modular Imrak series fills 
an outstanding need for a completely 
universal and flexible rack system. 
The new mrak International Rak is 
easily adapted for sealing, ventilating, 
moving or baying-up. It can carry 
British, American and Continental 





fixings. It packs flat for easy storage 
or transportation. Infinitely adjustable 
inside frames are available which, 
with four plan sizes, give maximum 
flexibility. There is a choice of normal 
front panels, one-piece front panel or 
recessed front panels with removable 
door. Panels can also be fitted at the 
rear. Side doors, too, are removable. 
A range of heights is available. 

The new International Rak is made in 
any of five standard finishes on very 
quick delivery. Other finishes to 
special order. Send for full literature 


Visit our stand 
No. X14 ASSE 
EARLS COURT 
April 5th—19th 


t The strong, concealed lift- 2 The quick-release mechan- 
off hinges, of patented design, ism allowing the rear door to 
on the side doors be lifted easily off its hinges 


Alfred Imhof Ltd., Dept. 03, Ashley Works, Cowley Mill Road, Uxbridge, Middx. yA M Ps A st) , Ss Uxbridge 6231 





Export & London Showrooms: 112-116 New Oxford St., W.C.1 Museum 7878 
IMHOFS AGENTS OVERSEAS 


Australia: Aladdin Industries (Pty) Ltd, Denmark: Tage Schouboe, 


Semmens toes New Zealand: |marex Ltd, Auckland C3 Switzerland: Walter Blum, Zurich 2/39 


eee Copenhagen N Norway Birger Christensen, Oslo U.S.A.: Bud Radio Inc, 
c gium: Rogelec, Ghent Finland: Oy Scienta Ab, Helsinki Portugal: Projectos e Construcoes Lda, Cleveland 3, Ohio 
sannias Measurement Engineering Ltd, Germany: Sunvic Regler GMBH, Solingen Lisbon 

rnprior 


Brit. Guiana: Davsons Carribbean 
Holland: |. Th. van Reijsen, Delft Sweden: Elektroniund AB, Malmo C Agencies Ltd, Georgetown 
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YOU CAN CALCULATE 
THIS FOR YOURSELF 
IN A MOMENT 


If you are planning, designing, building or servicing 
a computor with perhaps as many as 5,000 inter- 
dependent circuits to consider, you will want to 
know more about TECHNOGRAPH. You already 
know, of course, that TECHNOGRAPH produce 
printed circuits which in itself is a vital contribution 
to space saving, easier servicing and greater relia- 
bility. But there are other TECHNOGRAPH pro- 
cesses too, less familiar perhaps, but of inestimable 
value in computor design. Tape Cable, Flush 
Bonded Circuits, Integrated Resistances, Inductances 
and Capacitors all have a part to play in modern 
electronic planning if progress is to be made—and 
TECHNOGRAPH produce them all. We shall 
be pleased to receive your enquiries. 


Illustrations show how Techn-graph 
Printed Circuits have been used to 
replace conventional wiring methods 
in the Stantec ‘Zebra’ Computor 
with outstanding success in every way 


TECHNOGRAPH. 


PRINTED CIRCUITS 
serve those who design and 


build computors 


TECHNOGRAPH ELECTRONIC PRODUCTS LIMITED, Freer, Hants. 


Telephone: Fleet 1414/7 
London Office and Technical Showroom: 29-31 REGENT STREET, LONDON, S.W.| REGent 5273/45 
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REGD. 


% AIRCRAFT J€ RADIO 


EQUIPMENT  ¢ COMPUTORS 
3€ TEXTILES 3€ BUILDING 


| ; Y€ COMMUNICATIONS 3 RAILWAYS 
| How m ELECTRICAL 3¢ MOTOR CARS 


and a host of subsidiary industries 














MICA 


In all grades, in cut pieces or 
precision stamped to ultra 
close tolerances. Valve bridges. 
Lamp baffle plates. Capacitor 
micas. Heater elements 
(wound and tagged), washers, 
strips. 


LAMINATES 


In sheets, rods and tubes. 
In all commercial and 
type approved grades 

of paper and linen 
base. Extensive 
stocks allow for 
immediate 
delivery in most 
cases. Also 
supplied in strips 
and panels to 
close tolerances. 
Copper clad 
laminates for the 
Radio industry. 








































V 


HIGH HEAT 















CONTAINERS The well known 
Delanco vulcanized fibre contain- 
ers have a place in practically 
every industry. Made to your own 
specification or supplied as types 
developed for special purposes. 
Ask for Delanco 
container catalogue. 
























VULCANIZED FIBRE & LEATHEROID 


Delanco Vulcanized fibre 
is used extensively 
throvghout the electrical 
industry, and in 
mechanical engineering. 
Supplied in sheets 

up to 2” thick down to 
.004”. Is also supplied in 
continuous coil or strip, 
and can also be supplied 
in the form of components, 
pressed, formed, or 
drilled, machine turned 
or routed. 














High heat 
components moulded to spec. 
with or without inserts. In 
materials to withstand 
working temperatures of 250°c. 
Send for Technical Folder. 










































MACHINED COMPONENTS 


In all Delanco materials, 
Bakelite Vulcanized 
Fibres, Leatheroid, Glass 
Fibre, Ebonite, Press- 
pahn. All tools made in 
our own modern and 
extensive tool rooms, 
from up to the minute 
equipment. 
























BAKELITE TUBE 


Delanco Bakelite tube, 
paper or linen base is 
used in all industries, 
with a high percentage 
in the radio and com- 
munications field. 
Square and rectangular. 
In 48” lengths, or cut 

to spec, and can be 


pierced slotted and 
grooved. Super High 
ond your pr to gloss finish in addition 















to standard finish, can 
be supplied. 


Anglo-American Vulcanized Fibre Go. Ltd 


CAYTON WORKS BATH STREET LONDON €E.C.1. 


CLE 3271 Grams: PROMPSERV AVE, LONDON 


DELANCO WORKS * LEONARD STREET * LONDON €E.C.2 
VULCANIZED FIBRE - LAMINATED BAKELITE - LEATHEROID MICA - COMPOSITE INSULATIONS EBONITE PRESSBOARD 
PRESSPAHN - CLOTHS, TAPES AND SLEEVINGS 


PRESSED, TURNED AND MACHINED COMPONENTS 
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OMPACT VERSATILE Efficient 


The new range of H.M.L. fully balanced high pressure valves*brings a bonus 
of practical advantage to the control engineer. 






















































































————— wa — j 
Ba. SB 
Be Er e High pressure % 4 P e High pressure stop 
oe needle valve, a ' valve, fully 
fully pressure . pressure balanced. 
balanced. 0-6,000 0-6,000 p.s.i. ’ 
p.s.i. Series 1000 Series 2000. i 
Suitable for working 
pressures up to 6,000 : 
p.s.i., these new valves ‘ 
combine practicability i 
with simplicity and i 
ease of operation. The | 
integrally moulded 
nylon valve cone gives 
long life and is not 
affected by changes in Oa 
hydraulic fluids or . eB. 
ne ; te ae @ Quick acting stop 
All valves in this range Hise valve, 0-6,000 p.s.i. 
are suitable for flow i a Fully pressure 
in either direction, and balanced. Hand 
have straight through _ wheel operated 
connections for easier through 90°. 
mounting. Quick acting stop 
valve, 0-6,000 p.s.i. | 
E ASI ER Fully pressure 
balanced. Lever 
M Al NTE N ANCE— operated through 
90°. 
fewer 
component parts ! British Patent applied for 
30 _ 
] T 
See 
< 25+— 
oe 
S 20+——+ 
Tests prove that H.M.L. valves give — 
lower pressure losses with flow in —Y 
either direction. Valve body design a : 4 
allows 25°%, increase over pipe flow ~ ' 
area. (Test fluid D.T.D. 585, kinematic ty . | 
viscosity during tests, 22 centistokes.) S 
“ 
~W ( 
uy 
x | 
Qa 
FLOW (Galls.i min) Sf 





H.M.L. (ENGINEERING) LTD., 466-490, EDGWARE ROAD, LONDON, W.2. Tel: PADdington 0022 | 
Works: HARPERS YARD, ST. JOHN’S ROAD, ISLEWORTH, MIDDLESEX. Tel: ISLeworth 301! 


DHB/7240 
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: in quantity, 


with quality 


Plessey excels in producing small mains transformers. For 
many years Plessey has been designing and making trans- 
formers for a cost (and quality) conscious market, with the 
result that immense capacity exists for the manufacture of 
commercial, industrial and electronic transformers. 


Plessey transformers, ranging from transistor types up to 
those rated at 2kVA, can be produced quickly, reliably and 
economically. 


Here is a transformer service that can solve at least one 
component problem for you—Plessey most probably can 
solve many more. Publication No. 998 tells you more 
about us—may we send you a copy ? 


Plessey 


Components Group 
THE PLESSEY COMPANY LIMITED 
New Lane - Havant - Hants - Telephone: Havant 1701 


Overseas Sales Organisation 
PLESSEY INTERNATIONAL LIMITED 
Ilford - Essex - England - Telephone: Ilford 3040 
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Prose 
FiTTines 


@ typical 


level control 
nice) 


LEVEL) application 
Pumping } 
RANGE | 5 
tow sie 


level controls 





_ well tried Elcontrol system uses a single relay unit 
and two sturdy probes, installation is easy and there 


ny P ‘ is nothing to go wrong. 
hig h, low pump switching Conductivity type for all liquids except insulants. 
or level signalling at low cost 






Widely used for foam level control, oil/water interface 
detection; works very well on condensate. Probe system | 
operates at very low voltage. Flame-proof and intrinsically 


safe versions can now be supplied. 


Appointed Agents Telephone ‘ 
MIDLANDS: A. M. Lock & Co. Ltd., Newborough Rd., Solihull. Shirley 5703 ; 
N. WEST: A. M. Lock & Co. Ltd., Union St., Oldham. Main 6744 | 
SCOTLAND: A. R. Bolton & Co., 3a St. Vincent St., Edinburgh 3. 32035 


write to ELCONTROL LTD., HITCHIN, HERTS. Hitchin 241! 


FLUOROSINT 


US a ee ee © Se es ee Ra ee Oe eee ee ae 





A NEW FLUOROCARBON 
TFE BASE PRODUCT 
with improved mechanical 
and thermal properties 


mm pe 









POSE 






Extensive research has produced a new TFE base material 



















i 
with the following outstanding characteristics: t 
* low thermal expansion only one sixth that of PTFE POLYPENCO 
write for = ail . 
* exceptionally close moulding tolerances further detalis to: TRADEMARK 
* chemical and electrical properties similar to PTFE 
POLYPENCO LIMITED E 
oe excellent friction and wear characteristics 68-70 Tewin Road, : 
oe greater stability against thermal shock Welwyn Garden City, Herts. 





Telephone: Welwyn Garden 5581-3 


FLUOROSINT is a trademark — patents pending. AID & ARB APPROVED. 
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Put (SKH>) in control 


wherever you need dependability and accuracy 


Resolving the conflicting demands of precision, compactness and reliability in instrumentation is a 
problem that Kelvin Hughes components can help you to solve. Many components, originally 
developed to meet the exacting conditions of aeronautical applications, are now released for integra- 
tion in specialised instrumentation systems. 





Use this technical advisory service 


Kelvin Hughes specialists are available to advise on the suitability of these components for specific 
applications, and consultation at preliminary design stage will prove advantageous. 


Absolute or Differential types are 
available in a wide range of sizes in 
phosphor-bronze or beryllium-copper. 
Also arc-welded types in Ni-Span“C’, 
Monel, K-Monel, Inconel and many 
stainless steels. These special types 
can overcome the various limitations 
of traditional copper-alloy capsules 
and technical advice on the best 
possible use of these is obtainable on 
request. 





SOME OTHER KELVIN HUGHES COMPONENTS 


Sine-Cosine Potentiometers High accuracy combined with 
durability. Oil-filled and miniature types, with contacts 
and wire of precious metals. 

Miniature Slip Rings Compact and light in weight. Very 
low frictional torque. Up to 22 ways. 


Instrument Motors A.C. and D.C. Extensive selection 
offered includes governed, induction, synchronous and 
servo types. 

Pressure Transducers With shaft output. Precision types 
with force balance principle for measurement and control. 





Please write for further details 
KELVIN HUGHES Components for Instrumentation 


KELVIN & HUGHES LIMITED - NEW NORTH ROAD - BARKINGSIDE - ESSEX 


TGA KHOSR 
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ll] GAS.WATER 
mm { OR STEAM 


PRESSURE REDUCING 
VALVES 


eR WILLIAMS & JAMES enoinerrs LIMITED ~ 
a eee GLOUCESTER ENGLAND 


~ 
none 





Optical digitizers 











@ No rubbing contacts 

@ Only one moving part —a glass disk 
@ Low torque 

@ Low moment of inertia 

@ Long Life 

@ Only 3in. in diameter 


Optical digitizers are 
RELIABLE! 


98 ST PANCRAS WAY : LONDON - NW1!1 
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The solution to your problems 


SOUTHERN INSTRUMENTS LIMITED CAMBERLEY SURREY. CAMBERLEY 3401 
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CHIEF FEATURES ARE :— 


@ A high level of accuracy, usually better than 1°% overall, and ; 
good long term stability ' 


@ Low cost —less than a quarter of the price of an equivalent 
conventional network analyser. 


@ Universal units each represent a wide range of network 
element, thus reducing the diversity factor 


@ Ease and precision in setting up. 


MARTONAIR LIMITED F. C. ROBINSON 
PARKSHOT - RICHMOND - SURREY. ~ f »AND PARTNERS LTD. 
Councillor Lane Cheadle Cheshire 
Telephone: RiChmond 2201 Telephone: GATley 2469 and 4020 
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For accurate Re- 
mote Indication 
of very low 
pressures, all 


7 = 8 ee te - > 





REMOTE READING DRAUGHT GAUGE ABSOLUTE PRESSURE 


GAUGE. Type No. AI.101 

2 ially ee © mm. Hg 
lute, ranges tomic Energy, 

Multi-turn Sefeeten, extreme accur- 

acy, Barometrically and Temperature 

compensated. 


“a 















SCIENTIFIC INSTRUMENTS 


SENSITIVE LOW RANGE 
PRESSURE GAUGES 


All ranges 
from —10 ins. 
H,O to +1000 
ins. H,O. 

Extremely sen- 
sitive and acc- 
urate, lowest 
span —1° H,O 
to +1° H,O. 

























SENSITIVE DIFFER- 
ENTIAL PRESSURE 

SWITCH 
. For control of 
e@ straight, differential 
pressures or flow 


POSITION 
INDICATORS 


For coarse or fine indica- 
tion of linear movement. 

incorporate Veeder 
Root counter and setting 
device for special appli- 
cations. 




































MINIATURE PRESSURE 
GAUGE. Type No. AI.531. 


Range 0—5000 p.s.i. 


MINIATURE PRESSURE 
GAUGE. Type No. AI.440.E. 






Standard Ranges 





0—4000 p.s.i. Direct Remote ae 
— O— 200 p.s.i. ing versions available. 

Appleby & Ireland Limited are Working Pressure ouudie: On 
2,5000 p.s.i. Servo 


only .850” diameter. 





proud to display these instruments 
for Nuclear applications, particu- 
larly those supplied for the Calder 


Hall project. “REDIFF” REMOTE READ- 
ING PRESSURE GAUGE 


Suitable for measurement of Differ- 
ential, vacuum, absolute pressure, 
positive pressure, flow or tank Con- 
tents, etc. 





We also supply electrical, gas. 
aviation, shipping, and many other 
major industrial plants with speci- 


alised instruments. 


TANK CONTENTS 
GAUGE 
EQUIPMENT 


Remote Indication of 
chia ; Liquid level. 


LIMITED 


SENSITIVE MULTI-TURN 





BASINGSTOKE paessuRe 
H A M P s H ' R E I xtremely accur- 
Telephone: Basingstoke 2510/1/2/3 cand sae * 
Telex: 8546 an ae quest, Va ious § 
; i mS 8 sizes 
ane. ’ 
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For Versatility, Reliability, Accuracy, CAMBRIDGE 
Ta RECORDER/CONTROLLERS 


: 





The Control that’s different 












A special feature of Cambridge Recorder/ 
Controllers is that with the ON-OFF 
control, each cam is individually adjustable, 
which means that each point is controlled 
independently of each other, at different 
settings if desired. 


and ALL the usual control modes 


j re ; @ ON/OFF (Single and multi-point) 
@ FLOATING 


@ PROPORTIONAL 
(Adjustable between 2°% and 600°) 


@ 3-TERM 


CE ELECTRONIC RECORDERS AND CONTROLLERS 


Send for List CD186 and Supplements. For future publications, ask for Mailing Form CD/2/60 
CAMBRIDGE INSTRUMENT COMPANY LIMITED 13 Grosvenor Place - London - S.W.I 











Solenoid Valves 42 ouster 


TO MEET THE REQUIREMENTS OF 
INDUSTRY A WIDE RANGE OF 
SOLENOID VALVES HAVE BEEN 
DEVELOPED TO THE FOLLOWING 
SPECIFICATIONS 














Orifice size 0.04 in. upwards 


Normally-open, Normally-closed or 
Three-way. 


Direct acting or Relay acting. 


Temperatures up to 300°C. 





Standard, Flameproof or Intrinsically safe. 
Hydraulic & Pneumatic 


Pressures up to 6000 p.s.i 






VALVES OR HYDRAULIC SYSTEMS FOR A VARIETY 


OF APPLICATIONS CAN BE DESIGNED TO 


ELECTRO-HYDRAULICS LIMITED 


N me a | ' a ae | ae Le} t ae ® i en oe. 


CUSTOMER'S REQUIREMENTS - WE INVITE Ww A R ry " rN] re} T re} N 
YOU TO DISCUSS YOUR PROJECT WITH US 4 
o 
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White and Riches Ltd 


[ —specify + WARMS A/C or D/C COMPUTING UNITS AND SYSTEMS 





for research, development and production in the fields 

of AUTOMATION, AERONAUTICS, MISSILES and SATELLITES 
; to enable complex non-linear problems to be 
analogued with these advantages 


RELIABILITY, REPEATABILITY, FLEXIBILITY, HIGH RESOLUTION, 









FAST RESPONSE and HIGH UTILISATION 
The full range of units includes E/M SERVO, 


SERVO AMPLIFIER+ LINE AMPLIFIER + RESOLVER AMPLIFIER 


+ White And Riches Modular Systems 


S 
WE 
\te 
oN 






















D/2/60 
». WI S e 
y ° 
offer a wide range of acceleration-sensitive devices. 
SWITCHES + PULSE OUTPUT UNITS - SHOCK INDICATORS - OVERSPEED CONTROLS 
GAS RELEASE VALVES + DEVICES DESIGNED TO YOUR SPECIFICATIONS 
* Axial, radial or rotary response. Momentary or holding contacts. 
Provision for adjustment or resetting. 
* Wide sensitivity range from -05g to 500g. 
Quick acting or damped to reduce sensitivity to superimposed vibration 
* Stability, accuracy and reliability assured by inherent simplicity of design 
and use of high quality materials 
ED 
gi White and Riches Ltd : CHAncery 4037 


\ Head Office: 121 KINGSWAY, W.C.2 Telephone 
\ Inertia Switch Ltd : CHAncery 3759 


Works: VICTORIA ROAD, BURGESS HILL, SUSSEX Telephone : BurGeEssS Hitt 85661 
A.1.D. and A.R.B. approved 
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2) LUNDS 


| of Wandsworth 


The recently introduced standard rack from Lunds of 
Wandsworth is already making a name for itself. The 
Lunrac is sturdy, well designed, and easily adaptable 
to suit varying conditions and specifications. 





pgre"e’ * 


Note these Lunrac features: 


@ Rigidly constructed from 10 @ Price £38, 10.0 
gauge formed steel sections and 


a ; " »*e ' . ‘ 
err th ve 
ao ; tt «ts, * 
an ‘. ttya"*, 
Hie ee 
sa,tetet te tte 
finished in silver grey ham- @ Facilities for floor mounting or 
mered stoving enamel. on castors. 


| @ Standard 19” panel mountings @ Single or multi-bay assemblies 

tapped O.B.A. @ Racks can be dust proofed, force 

| @ Easy accessibility through hinged ventilated or sound deadened. 

| rear door and quick release side : 

| panels constructed of 18 G mild Further details on application to 
steel. the address below: 


Some people aim 
for the moon... | 
we aim to solve | 
your problems 
concerning 
REMOTE 
CONTROL 

or POWER | 
TRANSMISSION | 


@ Our engineering 
staff will welcome 
the opportunity of 
co-operating with you. | 


FIRST NAME IN 





FLEXIBLE SHAFTS 


THE S. S. WHITE DENTAL 
MFG. CO. co) LTD. 
INDUSTRIAL DIVISION 
Britannia Works, 
st. eaearas Way, London, 


N.W.1. 
EUSton 5393 





OF WANDSWORTH 


Bendon Valley, London, $.W.18. Phone : VANdyke 7676 
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AGTIONATOR 


Use the powerful new Actionator 
industrial type motors to operate 
slip stem valves, rotary plug valves, 
butterfly valves, dampers, etc. 


Variety of speeds 

Actionator motors are available with 
a variety of speeds, from 9 to 

144 seconds full-stroke operation. 
The high speed permits use with 
pulse-type controllers such as those 
used in radiant tube firing. 

Torque ratings range to 200 1b-inches. 


All control forms 

Modelsareavailable with two-position, 
floating and proportional control. 
Optional models can include 
cam-operated, internally mounted 
switches for a variety of dual 
switching purposes. 


Write Now 

for more details, or send the coupon to 
Honeywell Controls Limited, 

Ruislip Road East, 

Greenford, Middlesex. WAXlow 2333. 
Branch offices in principal towns 

and cities of the United Kingdom 
—and throughout the world. 


Honeywell 
(Hy), Fat Conta 


SINCE 16865 


Type A Actionator motors are ideal 
for rotary plug valves, dampers 
butterfly valves, etc. 

Features include internal brake and 
micro switch limit switches. 


heavy duty electric motors for valves and dampers 



















Type B Actionator motors are 
designed for vertical acting 
slip stem valves having lifts 
of from } inch to 14 inches 
Double ended shaft can also 
simultaneously operate 
butterfly valves, rotary stem 
valves and other devices 
through suitable linkages. 
Features include built-in 
linkage and strain relief, 
mounting yoke and enclosed 
terminals with gasketed 
housing. No auxiliary 
mounting bracket required. 


——-—---—--—------~-} 


Please send me a copy of | 
Specification Sheet S804-3 (Type A) | 
Specification Sheet S1016-2 (Type B) 


NAME.... ‘ mainineinenaisahetastoneinanasenasbacasntnts 


POSITION .........-----~-----22----22222202~0122-2-neeeosseeee 


r 
l 
| 
| 
| 
l 
| 
l 
| 
| 


a 


| 
l 
l 
ADDRESS..............-------------------------- masecceniuienitin | 
| 
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Your guarantee of satisfaction 


Always refer to the 


STANLEY | 


“A” EDITION CATALOGUE 


The ‘‘Stanley” range comprises all that is best in:— 


Surveying Instruments and Equipment, 
Drawing Instruments. 

Drawing Office Equipment. 

Drafting Machines, Drawing Scales. 
Mathematical Instruments :— 

Planimeters, Integrators, Integraphs, 
Harmonic Analysers, etc. 


LONDO h ‘ ; . 
citi Copies of the “A” Catalogue will be sent on request (Con.A1) 








Se er ee flead Ofiee & NEW ELTHAM, LONDON, S.E.9 
——————— ——, Phone: ELTham 3836. Grams: “Turnstile” Souphone London 
Showrooms:— 
78/80 High Holborn, London, W.C.1 (Phone: HOLborn 2684) 
Branches :— 
omnes 13 Railway Approach, London Bridge, London, S.E.1 (HOP 0871/2) 
Ww. F. STANLEY & Co. Limited. 52 Bothoctt Sine Glasgow, C.2 : (Central 7130) 


AM WMWOTORS 





FOR CONTROL PURPOSES 


We produce a range of air motors from th to 
10 h.p. capacity. Manufactured to multi- 
cylinder construction with high starting torques. 
Globe Air Motors offer infinitely variable 
speeds throughout the entire range. 


THE GLOBE PNEUMATIC 
ENGINEERING COMPANY LIMITED 


ASHTON ROAD, HAROLD HILL, ROMFORD, ESSEX 
Cables: PNEUMATOID, ROMFORD 
Telephone: Ingrebourne 43851 (5 lines) 
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5.E.9 

London How to obtain high current 
constant voltage D.C. supplies ? 

268: 

eet You could use cumbersome batteries, with 

0871/2) their need for constant attention, but it is 

ral 7130) far simpler and certainly more reliable to use 
one of the new ‘Advance’ Constant Voltage D.C. 


a Supply Units. This latest development in the appli- 

cation of Constant Voltage Transformers can be used 
to provide various d.c. supplies up to quite high cur- 
rent levels, as used in computers and data processing 
equipment. We shall be pleased to arrange for one of 
our technical representatives to call and discuss your 
requirements. 


These new D.C. Supply Units .... 
@ Provide HIGH CURRENT OUTPUT AT LOW COST 
@ Are SMALL IN SIZE AND WEIGHT FOR VA OUTPUT 


@ Have HIGH ENERGY RESERVOIR, thus are suitable 
for pulse, intermittent or variable loads 


@ Uperate with HIGH EFFICIENCY 


OUTPUT RATINGS 





6 volts 1.25 amp 

6 volts 4.00 amps 
12 volts 1.25 amp 
12 volts 4.00 amps 
24 volts 1.00 amp 
24 volts 5.00 amps 
48 volts 1.00 amp 
48 volts 4.00 amps 


CONSTANT 
VOLTAGE 


GD 77 


D.c. POWER SUPPLIES 
Advance COMPONENTS LiMiTED - Mains Stabilization Division 


ROEBUCK ROAD « HAINAULT - ILFORD - ESSEX - TELEPHONE * HAINAULT 4444 
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Industrial bells | 


The belt illustrated is model 8/225/120, 8° gong, suitable } 
for connection direct to AC mains. Write for leaflet giving 
full specifications of the complete range. 


} 
' 
V&E FRIEDLAND LTD Macclesfield Cheshire f 













8-pole Open Style 
: with one auxiliary 
4 contact added. oy 









witH 2, 4,or 8 poLes 


Any pole can be supplied “ Normally-open ” 
or “Normally-closed”; double-break main 


FR TAR OT Ai VERE } 


contacts rated at 10-amps. 550-volts maxéi- 
mum. One or two auxiliary change-over con- 





4-pole 
General Purpose Enclosure 






tacts can be added in addition to main poles. “4 
Tractive coils available—6 to 550-volts A.C. > 
The relay when open style, is supplied with Attn ind 


back fixing plate suitable for mounting on 
insulation or steel panels, or in metal cases. 


THE DONOVAN ELECTRICAL CO. LTD. 
2-pole Open Style 


72-82 GRANVILLE STREET - BIRMINGHAM 1 ‘ with two auxiliary 


LONDON DEPOT: 149-151 YORK WAY N.7  - GLASGOW DEPOT: 22 PITT ST., C.2 contacts added. 


: Pais Sad TEES = tres K 


Sales Engineers available in 
LONDON - BIRMINGHAM - MANCHESTER - GLASGOW - BELFAST - BOURNEMOUTH 
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This is a PYE 


ao 
This Slash maintenance costs. 





Eliminate special precautions 
‘ , s against overloads. 
j iS Give you local or remote control 








TORQUE AND SPEED CONTROL positively, simply and precisely. 
h A TASC master (Torque) gives you 
W at full control between zero and rated 


torque. 


TAS Chunit 


TORQUE AMD SPEED CONTROL 





A TASC master (speed) gives you a 
can 20:1 speed range with good regula- 
tion, a smooth and fast take up and 
d no cogging. With full torque avail- 
0 able over the entire speed range. 
A TASC master (special) can be 
devised to give you 50:1 speed 
range. 


og STATIONARY MAGNETISING © MAGNETIC FIELD MAGNETIC FELD 
this is con, FIXED STRUCTURE 


AL.OR COPPER 


| what the 








} 
! TAS Ch unt 
o 
} 
The TASC unit is a new application of the Faraday The TASC Unit is unaffected by stall-down on output 
i disc principle. 4 no sliprings or brushes—low output inertia—no out- 
It consists of two independently rotating members of-balance forces—sealed bearings—sizes from 1/4 
magnetically linked by the field from a fixed coil. The to 10 h.p. 
transmitted torque is proportional to the coil current. 
— | It is thus an inherently controlled torque device. 
6 | 
a in e 
. Find out more about the 
se This coupon with your company letterhead will bring you full technical “] 
“A details and a demonstration at your works if you require it. TORQUE AND SPEED CONTROL 
: a SED? sutdiiifcas.siisne cei cecpdhccescotihasetcntinndiaasereandliiaseusanibeataiail PYE ELECTRIC LTD. (LOWESTOFT DIVISION) 
fg IEE. 'scschocusdoesAcacciseituouansdeialstlecsseiieebetetenasttaes OULTON WORKS, LOWESTOFT, ENGLAND 
: _ PIII vos sc cbatscacsadicbacecduainsdibcinevecasteddeaiealie cemutesadedans Telephone: Lowestoft 1900 Telegrams: Pylec Lowestoft 
CES a ANNE SERENE RE AER TL A A SA A A A A SE eC MERKEN CUTENESS ou RS 
1960 CONTROL March 1960 
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Section through a typi- 
cal Kwik Joint coupling. 
Showing lever in un- 
locked position. 

An instantaneous couplin 
for use with water, oil, 
petrol, steam, gas, com- 
pressed air and chemicals. 
Manufactured in gun-metal, 
cast iron, aluminium and 
stainless steel, Working pres- 
sures up to 250 psi, Please 
write for leaflet. 

Single lever e for 100 psi 
maximum. Manufactured in 

+ in, and 3 in, sizes only. 


COUPLINGS 


ADAPTOR 





OR FEMALE 


HOSE TAIL 


G 
BLANK CaP 


HARRISON| 


COMMERCIAL STREET WORKS 
KNOTT MILL * MANCHESTER + 15 
Telephone: CEN 6753/4 Grams; Bronze Manchester 
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AUTOMOTIVE INDUSTRY 





Tnstallat 
jon o 
Dial Manomet i Mallace Tierng 

——Teler with ieee Precision 





FEATURES : 


Full protection against overpressure 

Custom calibrated scales in units of force or torque 

Two revolution indicator provides scale 45 in. long with 
only an 8} in. diameter dial. 

Sensitivity one part in 10,000; accuracy one part in 1000. 

If you have a problem in the measurement or control of 

pressure, write today for additional information. 

INSTRUMENT DEPARTMENT 


WALLACE & 
Ie a 


POWER ROAD - LONDON W424 
TELEPHONE: CHISWICK TVIQI (1/0 LINES) 
TELEX 23770 
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Transistorized Printer 
vases 


~_— 





See us on 

Stand No. LI at the 
Electrical Engineers’ 
Exhibition, Earls Court, 
April 5th—9th, 1960. 





n 1000. 

trol of 
Write now...on company notepaper, please... for your copy of our new 
catalogue—a concise guide to the Venner way with electronic equipment. 

. 

Venner Electronics Limited, Kingston By-Pass, New Malden, Surrey. MALden 2442 
w 4 
Ne, A member of the Venner Group of Companies 
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A SELECTION FROM THE RANGE OF PARVALUX F.H.P. MOTORS 

















Shaded Pole Series Wound Series Wound Capacitor Capacitor Split Phase 
nstant Variable Variable Constant Constant Constant 
Speed Speed Speed Speed Speed Speed 

1/300-1/140 HP 1/100-1/10 HP 1/40-1/5 HP 1/150-1/30 HP 1/40-1/5 HP 1/40-1/5 HP 





Shaded Pole Series Wound Series Wound Capacitor Capacitor Split Phase 


Constant Variable Variable Constant Constant Constant 
seeed Speed Speed Speed Speed speed 
19-330 RPM 25-800 RPM 22-800 RPM 17-680 RPM 20-700 RPM 20-700 RPM 


— 





Shaded Pole Series Wound Series Wound Capacitor Capacitor == — 


Constant Variable Variable Constant Constant ; 
Speed Speed Speed wee" spare Speed ; 
1/4-18 RPM 0-5-60 RPM 0°3-60 RPM 0°3-19°5 RPM 0:2-19 RPM 02-19 RPM 


REGO. TRADE MARK 


OUR 1960 CATALOGUE AVAILABLE ON REQUEST 





| 
) 
PARKSTONE, POOLE, DORSET, ENGLAND Tel: Parkstone 3827 PBX Grams: Parvalux Parkston 









TEES EEF NEVO NT oe PEE SIME RRA SVT AEN SAT IEET NS OG PME PY INIT OM 


| Dont bury your head... 4 
! 


r 


Sicienintasenieiiaianpsidtousitededdunine SIGSLIG alt A Os MOP ME ELOY 


. In the sand and take a Pressure Gauge at 
its ‘face’ value. Look for the name ‘P & G’ 
and be certain of an instrument of quality— 
made by craftsmen for complete accuracy i 
and dependability over years of active service. | 
The range of P & G pressure gauges includes 
many different types to suit most applications 
—vacuum, combined, altitude, electric 
contact, differential, critical, duplex, diaphragm, 


capsule, etc. 


Write for publication No. 84 





Payne & Griftiths 


TUDOR WORKS - WINDMILL LANE 


SMETHWICK BIRMINGHAM 
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These 3 
outstanding 


uniselectors 


provide long life 
and reliability 
in operation 


The high speed motor uniselector 
has an availability of 52 outlets in a half 
sevolution with up to 16 parallel channels, 
and is capable of high speed search if 
required. It is also suitable for scanning 
and other collection functions, or for the 
routing of information to a multitude of 
points. It can be brought to rest at any 
desired outlet by means of simple circuitry, 
and a homing drive is provided so that it 
can be readily restored to the normal 
position. Arrangements can also be made 
for step-by-step working. 


The digit switch 

is specifically designed for step-by-step 
operation in response to impulses, and has 
an availability of 12 outlets with 8 parallel 
channels. It may be used to set up a 
marking condition for the control of the 
Motor Uniselector. 


The miniature uniselector 

is a compact switch of unique design which 
accupies no more space than a standard 
3000-type relay. It has an availability of 
12 outlets with 3 parallel channels. A great 
advantage is that it incorporates a plug-in 
type of mounting so that the entire device 
can be removed and replaced without 
detaching any soldered connections. 


PD 7/3 
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Full technical information will gladly be supplied on application 
ASSOCIATED ELECTRICAL INDUSTRIES LTD., 


Telecommunications Division 
Telephone Apparatus Department, 
Woolwich, London, S.E.18 


Telephone Woolwich 2020 Ext. 326 
TA 2139 
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If it’s Electronic 


Designed and Developed or produced * 


























This instrument has been specially designed for 
the routine production testing of Commutators; 
its function is to indicate surface roughness and 
eccentricity to within very close limits. 





and you want it 
to your specification 


consult 





This E.H.T. Cable Insulation Tester has been 
designed and made by Tyer & Co. Ltd., for 
detecting and recording faults in the insulating 
coverings of cables during manufacture. The 
system permits a very high speed of operation. 





(formerly P.A.M. Ltd.) 


Tyer & Co. Ltd. Electronics division combines the technique 
of several companies, long-established in the Electronic 
field, with the extensive modern production resources of Tyer 
& Co Ltd. Examples of recent work are illustrated. 


* Whichever stage of the struggle you’ve reached, we 
can save you time and trouble — maybe money too — 
write or phone without delay 


TYER & COMPANY LTD 


PERRAM WORKS, MERROW SIDING, GUILDFORD, SURREY 


Telephone: Guildford 2211 


A member of the Southern Areas Electric Corporation Group 





Visit 
STAND 
No. R10 


A.S.E.E. ELECTRICAL 
ENGINEERS EXHIBITION 
EARLS COURT APRIL Sth-19th 


The KLAXON Range includes:— 





sala KLAXUN 


FRACTIONAL H.P. MOTORS 
& GEARED UNITS 


KLAXON fractional horse-power Motors and Geared 
Units provide adequate motive power in those difficult 
situations where space is strictly limited. With an 
infinite variation of torque, from zero to 2,500 Ibs./ins., 





170 


Fractional Horse-power Motors—A.C./D.C. and 
D.C. Series. Windings—D.C. Shunt and Com- 
pound Windings. A.C. Induction Motors —|,2 and 
3-Phase. Flameproof Enclosures, Synchronous 
Motors, Geared Motor Units —0-!,400 R.P.M. 
Torque up to 2,500 pounds/inches. Single Worm, 
Double Worm, Worm and Multispur, Spur. 


Tick No 129 on reply card for further details 


and from one two-thousandth up to one horse-power in 
size, these fractionals and geared units are the obvious 
choice in the many situations where dependability is of 
first importance. 


Full technical information on request. 


KLAXON LTD., WARWICK ROAD, TYSELEY, BIRMINGHAM II - 
LONDON SALES OFFICE: 76 JERMYN STREET, ST. JAMES’S, S.W.1. Telephone: WHitehall 0411 (PBX). One of the Windsor Group of Companies 
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ILLUMINATED 
QUADRANT 


CONTROLS 


The new ELCOM quadrant instrument offers exciting 
possibilities to the designer of control desks and equip- 
ment. 


The instrument houses two individual channels operating 
separately or ganged and fits into a panel cut-out approxi- 
mately 5” x 143”. Eight instruments mounted side by 
side take up panel space of only 5” x 54”. 





The provision of illuminated scales is a feature offered only by the ELCOM quadrant control. Auxiliary switches 
incorporated in the instrument operate colour changes of this illumination at predetermined positions of the 
movement of the quadrant arm, thus providing cue lights or warning signals at the actual point of control. For 
instance, a scale may be illuminated by a green light changing to red when the channel becomes alive. This light 
change can also be operated from an outside source, e.g. to show when a channel becomes available. The auxiliary 
switches operate cue lights or signals at other locations. 


NOW IN PRODUCTION ! 





The control can be fitted with a resistor network or supplied simply as a stud switch with a smooth or detent 
action 


A feature of the design is the ‘ plug in’ facility which allows the whole instrument to be withdrawn or replaced 
instantly should cleaning or overhaul become necessary. 


The ELCOM quadrant instrument has an application 
on every control desk or panel and full information 
will be given on request. 


ELECTRONIC 
COMPONENTS 


. WEEDON ROAD INDUSTRIAL ESTATE 
NORTHAMPTON 


Telephone: Northampton 2467 & 1873 
Grams: Elcom, Northampton 
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Switches 


for special purposes 


For full details 
and specifications 
ask for Catalogue 





Sheets 
D2 ~ D6 These special switches are designed 
to cover a wide range of applica- 
inclusive. tions and to cater for exacting 


duties in industrial processes, in- 
cluding inflammable, corrosive and 
humid atmospheres. 


Ask for appropriate Catalogue Sheet giving full details. 


Type Duty Cat. Sheet No. 

A20/FP Flameproof Mercury D2 
Limit Switch 

D.2340 Vibration Switch D3 

C.940 Snap-action Mercury D4 
Limit Switch 

WwVy Electric Furnace DS 

WH Door Switches 

C.4433 Duration Switch D6 





Hendrey Relays 


HENDREY RELAYS LIMITED 


392 BATH]ROAD, SLOUGH, BUCKS. Burnham 609/6/1 


MANUFACTURING ELECTRICAL ENGINEERS, CONTROL 
AND LABORATORY APPARATUS, A.I.D. AND A.R.B. 
APPROVED 
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for accurate 
temperature 


measurements | 


























INDICATING } xccux.2* 
ACCURACY 


Thermocouple Amplifier 
and 6in. diameter indicator. 
Overall accuracy +0°25%. 
Temperatures up to 1600°C. 
Temperature measuring 
head and amplifier also 
amplifier and indicating 
meter can be thousands of 
yards apart (input 0-50 
ohms, output up to 4000 
ohms. ) 

Amplifier can be used with 
Recorder or Recorder/Indi- 
cator/Controller. 
Multipoint instrument 
(illustrated) gives very low 
cost per point and auto- 
matic correction for 
varying cable lengths to 
measuring points. 


CO Si NEES 


WW 











Write for publicatiens 
CAP. 1/C, 200/C, and price lists. 





RECORDING } 22x." 
4 POINT 


Resistance Thermometer, 
single and 4-point recording. 
Chart diameter llin., various 
speeds. Accuracy +0°5%. 
Covers temperature spans 
down to only 15°C between 
—200°C and +500°C. Platinum 
measuring head and recorder 
can be up to 250 yards apart. 
Indicating and/or electrical or 
pneumatic Control facilities 
available. 

Other recorders for temp- 


Write for publications 209/C, erature up to 1600°C. 
200/C, CAP. 1/C. and price lists. 





RBHi 
\ 


SS 


“Bikini’’ temperat- 

ure controller, 

Low Cost. Transis- 

torised. Very 

Robust — no pivots, 

galvos or other 

delicate moving 

parts. Easily fitted. 

Can be mounted at 

any angle. Instru- 

ment can be up to 

300ft. away from the 

measuring point. 

Electrical contacts rated at 5amps A.C. Accurately 
calibrated scale 9” long marked in°C or’F. High stability. 
Will control at any temperature between —-200°C and 
+500°C with a differential of 0°5°C. Occupies panel 
space of only 44" diameter. Immediate delivery from 
stock in Manchester, London, Walsall, Stockton and 
Edinburgh. 


Write for full specification sheets BIK/1/C and price list. 
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st Up Protected by Patent Nos. 626128 & 575279 
eiyen * Fully Type Approved to RCS 111 
“as * Top Quality *« Quick Delivery 


Painton & Co. Ltd. * Competitive Prices 
THORPE NO : ' 
Tel: 34251 (10 lines) "Grams: Cit Werthieastar Al WAY ai YD ecily Ka Ton Mi reWo “nde 
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CONTROL) | 


aT AND INDICATION | 
accurate 
by the 


EVE: : 
POUNCE ADJUSTABLE RANGE | 
and efficient 8 DIAPHRAGM RELAY | 
Pa in conjunction with 
Ha aa the VALVE POSITIONER | 


| fl i designed to give accurate indication and stable control is 

capable of easy adjustment for various sizes of tanks, 

suitable for heavy or light liquids, simple and reliable 

WO i Ti in operation, low in air consumption, easy to install, and 
maintain, and is reasonably priced. 


is the WEST STEPLESS 


circle ARD Relay 


WEST /. 


LIMITED 


PATENT NO. White circle indicates Valve Positioner and black 
679503 


Full details available from : 


_MEAD & PHASEY LIMITED 


| PRINCES STREET, BROADWAY, BEXLEYHEATH, KENT 
Telephone: Bexleyheath 2876 
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FLAMEPROOF ENCLOSURES 


DAVIS of DERBY have specialised for many years in 
the manufacture of Buxton Certified Flameproof Enclosures 


y" 


V 


2 


F.L.P. Enclosures are available and Enclosures 
can be designed to individual requirements to 
cover Groups I, Il and Ill gas hazards 


A range of certified Intrinsically Safe Equipment for 
use in gassy atmospheres, including hydrogen, is available. 
Also Pneumatic Electric Lamps for safe lighting in 
dangerous atmospheres, and Signalling and Sequence 
control for conveyors, etc. Anemometers and Ventilation 
Instruments. 


JOHN DAVIS & SON (Derby) LIMITED 
ALL SAINTS WORKS - DERBY 


Telephones : Derby 45403/4 & 45740 
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Telegrams : Davis, Derby 
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CASE ! 


LET EPS. 
There are many ways of SCIENTIFICALLY 
: packing sensitive engineering 
items, from radio valves to SOLVE YOUR 
large engineering assemblies; but there is only one satisfactory method — scientific PACKING 
packing by EXPORT PACKING SERVICE. EPS ensure safe storage and safe 
. arrival, thus reducing customer complaints and cutting costs. PROBLEMS 
:D . EXPORT PACKING SERVICE LIMITED 
ENT i fers] E IMPERIAL BUILDING, 56 KINGSWAY, LONDON, W.C.2 
uf Tel: CHAncery 5121-3 Grams: EXPAC WESTCENT LONDON 
asia Nexnec Works at Sittingbourne and Chipping Warden near Banbury 
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offer : 


extremely long life, reliability 
and self indication. 


You can count on Hivac 
Cold Cathode Tubes. 


Hivae limited 








PREFORMS 
Stand on 
their own 

jeet 


A question of control 


. furthering the modern trend towards electronic, rather 
than electro-mechanical techniques, cold cathode tubes 


low cost, small size, flexibility, 

























A member of the Automatic Telephone & Electric Group 


STONEFIELD WAY, SOUTH RUISLIP, MIDDLESEX. Tel: Ruislip 3366 

















MANSOL 











































Tick No 139 on reply card for further details 


s | 
Te: 


Automation 
Control Systems 
Telephone and 


Timing Circuits 
etc. 


Used in the manufacture of 
Glass-to-Metal Seals, Valve 
Bases, Transistors, Rectifiers, 
etc. Preforms can be supplied 
in all shapes and sizes for iron, 
kovar, copper and dumet seal- 
ing. We guarantee uniform 
quality, precise tolerances, effi- 
cient production in any quantity, 
and rapid deliveries. 


All enquiries to: 


MANSOL 


(Great Britain) LTD 


HOLLANDS ROAD, 
HAVERHILL, SUFFOLK 
Tel.: Haverhill 441-2-3 
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Calculating Machines 


Telegraph Switching 
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co |  GCOCKBURNS ROCKWELL 





PE ce TOT 


D.D. diaphragm valves 


Leak-proof control of . 
Corrosives 
with positive shut-off 


The diaphragm seals gas or fluid within 
the valve body while the disc ensures 
positive closure, Losses during operation 
are prevented and complete safety is 


ensured with corrosive fluids or gases. 


Ee PRED. OTS rte 


Oversize port design greatly increases the 


capacity of the valve. 


Available with or without lining; corrosion 
resistant union ends allow the lining to come 
up over the face of the union. 


COCKBURNS LIMITED 


Cardonald, Glasgow, S.W.1 
Telephone: GOVan 2146/9 
Telegrams: Cockburns ‘phone Glasgow 
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WESTON 


MOVING COIL 


RELAYS 


The simplicity and reliability of relay control 
for a wide variety of applications has led to 
the ever increasing use of Weston Moving 
Coil Relays. Let us have a note of your relay 
problems and we will be pleased to advise on 
the most suitable model for any set of con- 
ditions. Enquiries should, if possible, be 
accompanied by full particulars of both 
control and local circuits. 








Illustrated is the Model $170. Other types include the 
Model S124, a magnetic contact relay which operates 
with a minimum power input of 0.004 microwatt 
and the Model S115, a miniature relay, which 
functions as an “on-off” switching relay. 


SANGAMO WESTON LIMITED 
ENFIELD - MIDDLESEX 


Tel: ENField 3434 (6 lines) & 1242 (6 lines) Grams: Sanwest, Enfield 





Scottish Factory: Port Glasgow, Renfrewshire, Port Glasgow 41151 

Branches: London, CHAncery 4971 Glasgow, Central 6208 Manchester, Central 7904 
Newcastle-upon-Tyne, Newcastle 26867 Leeds, Leeds 30867 - Liverpool, Central 0230 
Wolverhampton, Wolverhampton 21912 - Nottingham, Nottingham 42403 Bristol, 


i . 23328. 
Bristol 21781 Southampton, Southampton 233 swe? 


177 








Tick No 142 on reply card for further details 


Now available in the U.K. ... 


MINIATURE 10 TURN 


PRECISION HELICAL POTENTIOMETERS 
PK 15 & PM 15 SERIES 

of field tested American type Miniature Precision Helical 
Pots are now manufactured in this Country. DIAMETER 
only jin., 10 turn or 3 turn pots available with resistance 
values of 100-100K ohms. 







And STANDARD 10 TURN HELICAL POTS 
PK 30 & PM 30 SERIES 

—WITH BUSH OR SERVO MOUNTING are larger types with 143 in. diameter, resistance values 100- 
—BALL OR SLEEVE BEARINGS 500K ohms, 10 turn or 3 turn. 

—COUNTING DIALS TO SUIT 


STANDARD RANGE MINIATURE & STANDARD POTS, WINDOW TYPE 
DIALS, INDICATING DIALS, FLUSH LOCKS, SPINDLE 
OF COMPONENTS LOCKING DEVICES and SERVO POTS, SPECIAL 


Standard & Miniature WOUND CARDS and POTS to customers’ specifications. 


Please write for comprehensive catalogue: 


SENERAL CONTROLS LTD 


13-15 BOWLERS CROFT, HONYWOOD RD, BASILDON, ESSEX. Tel: Basildon 20415 


Sales and Service from 61 Factories throughout U.S.A., Canada, West Germany, Switzerland and the U.K, 


ON TROL (8 OUR BUSINESS ° 





linsle y PRECISION COMPONENT RESISTORS 





Exceptionally compact and light in weight 
the Type 5206 resistor units of very high 
stability are hermetically sealed in metal 
cases, Designed for use where resistances 
up to 10 MQ are required, the units meet 
the specifications laid down in R.A.E. Spec. 
G.1177 and satisfy the tests described in 
Spec. R.C.S. 11. 





Rating: 500 V per MQ 

Temperature coefficient: + 20 parts per 
million per °C at 
room temperature 


Time constant: Approximately 10-* seconds 
Max voltage: 500 V d.c. 





Write for full details to: 


H. TINSLEY & CO. LTD. | Werndee Hall, South Norwood, London, S.E.25 tel : Addiscombe 6046-8 
TY 2 
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‘DIAMOND H Hermetically Seale 


Ina Bearings are manufactured in Great 
Britain, France and Western Germany. 


Head Office and Factory 
INA NEEDLE BEARINGS LTD. 


Dept. C. Dafen, Llanelly. Tel: Llanelly 2056 
and 2681. Telex: 4816. 
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LEARN ABOUT THIS 
NEW CONCEPTION OF 
SMOOTH RUNNING... 


@ Even load distribution. Maximum 
300,000 r.p.m. 


permissible speed Pe ae ea 


@ All needles supplied to a tolerance 
of + 0.00004” on diameter. 


BEARINGS 


Please write for 
your free copy 
of the 

Technical 
Handbook 

and New 
Catalogue 








d Miniature Relays 
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SERIES B R. 
HERMETICALLY SEALED 4 P.D.T. RELAYS 





Mounting Arrangements to 
suit all requirements 


This is one of the wide 
variety of standard mount- 
ing arrangements available 
for ‘“‘ Diamond H ”’ relays. 


CONTROL March 1960 


Series BR _ relays are 
hermetically sealed 4-pole 
D.T. high performance 
components. Weighing 
4 ozs. or less, they offer 
vibration resistance better 
than 2,000 c.p.s. at 20 G, 
operating shock resistance 
to 50 G and temperature 
range from —65° C. to 
+200° C. 

Applications range from 
guided missiles and high 
speed aircraft to com- 
puters, fire control, radar, 


etc. 





SERIES B S. 


HERMETICALLY SEALED 4 P.D.T. RELAYS WITH SEPARATELY 
SEALED COIL—INORGANIC SWITCH MECHANISM 


Greatest dry circuit reliability 
is assured in series BS relays. 
by virtue of the coils being 
separately sealed within the 
outer hermetically sealed case. 
The switch mechanism con- 
tains no organic matter, hence 
contact contamination is eli- 
minated. Dry and wet 
circuits can be safely inter- 
mixed. Electrically and 
physically, series BS relays 
are interchangeable with 
series BR relays. 





‘DIAMOND H’ SWITCHES LIMITED. 
GUNNERSBURY AVENUE, CHISWICK, LONDON, W.4. 


Telephone: CHISWICK 6444 (S LINES) 
Telegrams :—- DIAMONHART. CHISK. LONDON. 
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JiStonas 
Multi-Channel 


ELECTRIGAL RECORDERS 










Elliott Multi-Channel Electrical Recorders will 
record on from 2 to 6 3-inch wide zones simul- 
taneously. (A.c. or d.c. Values) Polyphase 
Watt-meter Elements available. 

Each movement can be fitted with adjustable 
high and low level contacts. 


Send for publication R.E.4 


Electrical Measurement Division 


ELLIOTT BROTHERS (LONDON) LTD 


Century Works, London, S.E.13 (Tideway 1271) 


Ly A member of the Elliott-Automation Group 
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SINCE I880 


Makers of Precision 
Gears 















All types up to 8” diameter 
10 to 64 D. P. 


Send your enquiries to:— 


G. W. EVERY & SONS LTD. 
49 Thornhill Rd., Islington, London, N.1 
Telephone: North 1827 
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The standard instrument has six “ ~ 
covering readings of 500 to 100,000 amps. e 
readings are obtained by the use of toroids which 
can be split and placed around the heavy current 
conductor. Indication is stored enabling readings 
to be taken minutes after the weld is made. 


Can be used with welders employing synchronous 
and non-synchronous and energy storage controls. 







Illustrated leaflet 
available on request 


seeeeeeeen aan 


HIRST ELECTRONIC LTD. 


GATWICK ROAD, CRAWLEY, SUSSEX 


BSAA 
UII ALLAN 
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PREDETERMINED BATCH 
COUNTERS 


IMPULSE 


REVOLUTION 


All types available for : 

















Electrical or mechanical zero reset. 


Predetermination of 1, 2 or 4 independent 
circuits during single counting process. 









Projection or flush mounting. 


Also: 
PRINTING AND INDICATING COUNTERS 
over 300 types 


RADIATRON 


7 SHEEN PARK 
RICHMOND, SURREY 
Telephone: RICHMOND 3285 
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Dont blow 
your top: 


fit an 


M.B. METALS 





PRESSURE SWITCH 
for reliability 


This latest addition to the M.B. Metals 
range of precision control equipment has 
been designed to meet the stringent require- 
ments of the aircraft and general engineering 


industries for pneumatic or hydraulic systems. 





High accuracy pressure indication at 
two pre-set levels with a working range 
of 50 to 6,000 p.s.i. 
Specification sheet MPS 200 available on request. 


M.B. METALS LTD. 


VALE WORKS - PORTSLADE - SUSSEX 
TELEPHONE NUMBER HOVE 48623 


CONTROL March 1960 
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Thermocontrol 


air-conditioning cabinets 


... the economic approach to precision 
humidity and temperature control to any 
conditions within this area | 


ROOM RELATIVE HUMIDITY ~* 





ROOM TEMPERATURE 


With Air Conditioning Cabinets of the type illustrated, rooms up 
to 3,000 cubic feet capacity can be conditioned and with agreed 
installation layouts can be maintained to within +0-5°F and 
+0-75% R.H. settings overall. 

The unit is provided with an air outlet raised above bench level 
and a range of larger units is also available to special design for 
unusual applications. 

The specification of the standard unit includes a replaceable 
glass-sil filter for air entering the cabinet; centrifugal fan with 
belt driven fan motor and starter; cooling coil of up to 35,000 
B.T.Us. extraction per hour for reduction of either temperature 
or humidity; air heater with built-in high limit thermostat; room 
thermostat with relays to operate electric heater when the tem- 
perature is low, or cooling coi] when the temperature is high; 
humidistat to control relative humidity through evaporative 
humidifier. 

Our specialist Engineers will be pleased to examine and recom- 
mend conditioning equipment for YOUR schemes to ensure 
maintaining stringent conditions at economic cost. 






= 


MT eT AR Le 


/MST. CO.L7D. 





automatically first for 
design - engineering - installation 





THERMOCONTROL INSTALLATIONS COMPANY LTD., 2-10 VALENTINE 
PLACE, BLACKFRIARS ROAD, LONDON S8.E.1. Tel: WATerloo 7356/7/8/9 
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AFREE Folder you Atact have! 


Small diameter 
Plungers from 
V2 ton—4 tons 
pressure 


Fast action 
Remote control 


If you are holding metal, wood, plastic materials, etc. in 
your manufacturing and assembly processes, you cannot 
afford not to have a copy of this folder showing many 
substantial time and money-saving applications. 


OWER JACKS 


LIMITED 
VALETTA ROAD, ACTON, W.3. 


Telephone: Shepherds Bush 3443/6 Telegrams: Newsorber, Ealux, London 


Write for folder F4/290 
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PRECISION GEARS 


GEAR HEADS 
MECHANISMS 
PRECISION INSTRUMENTS 


SPURS, HELICALS 
MITRE, RATIO BEVELS 
SPROCKETS, RACKS 
WORMS, WHEELS 
REDUCTION BOXES——> 


SMALL PRECISION GEARS 
UP TO ADMIRALTY CLASS | 


NORMAL RANGE 24 TO 100 D-P. 
IN ANY RECOGNISED MATERIAL 


WRITE FOR OUR BROADSHEET. 
CONSULT US FOR THE SOLUTION 
OF YOUR GEAR PROBLEMS 


SMa Li 


MOUNT EPHRAIM WORKS 
ROYAL TUNBRIDGE WELLS KENT 
A.I.D. APPROVED Tel.: 20231-2 


182 
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SPRING WASHERS , 


BERYLLIUM COPPER | 


Tick No 154 on reply card for further details 


chi 


ae hs 
Ea 
' - 


o 


ME. Lip 


“ig Oc Rd 


Now available through 
QUICK DELIVERY SERVICE 


Tee 
ee meee & SERVICES LTD. 
BUSH FAIR, ‘HARLOW, ESSEX. 


rol LHARLOWL2<207 


Writesor b’phone | 
forg full details 4 
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CRINKLE 


Satisfactorily meets 7 
the following require- 
ments: Corrosion Resis- 
tance, Non-Magnetic, Excellent 
Electrical Conductivity, High 
Tensile Strength up to 85 tons 
per sq. in. Prevents damage to sur- 
faces to be locked together, Made 
to Admiralty Signal and Radar Estab- 
lishment Spec. A.110000—Approved 
by RAE/RSP. 318 & RCL. 224. 
Supplied G.C.Q., A.1.D. or A.R.B. Released 


Prices and Samples on request. 


Formerly marketed by 
DAVID POWIS & SONS LTD. 


THOMAS HADDON & STOKES LTD - DERITEND - BIRMINGHAM 12 
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einfach die bestimmten Nummern 
auf der nebenstehenden Karte an, 
und senden Sie sie an CONTROL, 


SERVIZIO D’ INFORMAZIONI 
PER | NOSTRI LETTORI 

EF’ talvolia difficile all’inser- 
sionisia di indicare in uno 
spazio ristretio tutti i particolari 
informazioni a questo riguardo, 
favorite segnare il numero 
appropriato sul cartellino qui 
accanio ed inviare quest’ultimo a 
CONTROL. 


SERVICIO DE INFORMACION 


desea ulterior informacién, 
marque los niimeros apropiados 
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SUBSCRIPTION 


CONTROL READER INFORMATION SERVICE March 1960 


if you — etgyrd a about any adveruse- 
ment or editorial item, simply the a t ber. 
on this card and mail to CONTROL. ir casied te: 


NAME 


NAME OF BUSINESS 


a 


ADDRESS 


eee 


a ernsssessesesseetenusnnsesieseesnesesnsnnonusssenenemneneeees 


POSITION HELD 


Se es 


NATURE OF BUSINESS 


f you would like further information about any advertise- 
ment or editorial item, simply tick the appropriate numbers 
on this card and mail to CONTROL. 


NAME 
NAME OF BUSINESS 


ADDRESS 


POSITION HELD 


NATURE OF BUSINESS 


CONTRO 


March 1960 


! want my own PERSONAL copy! 


Please send me CONTROL for one year/three years 
U.K. and overseas £2, 2s, Od. (three years £5. 0. 0.) 
U.S.A. and Canada $8.00 (three years $20.00) 
starting with the 





Postage 
will be 
paid by 
Control 











CONTROL 

Rowse Muir Publications Ltd, 
The Rowse Muir Building, 
71-19 Charlotte Street, 


London, W1 
England 


Business Reply Folder Licence WD 1823 


CONTROL 

Rowse Muir Publications Ltd, 
The Rowse Muir Building, 
71-19 Charlotte Street, 


London, W1 
England 


Business Reply Folder Licence WD 1823 


The Rowse Muir Building, 


Business Reply Folder Licence WD 1823 


No Postage 
stamp 


if posted in 

Great Britain 

or Northern 
Ireland 


No Postage 
stamp 
necessary 
if posted in 
Great Britain 
or Northern 
Ireland 





No Postage 
stamp 
necessary 
if posted in 
Great Britain 


or Northern 
Ireland 
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There’s a Wade 
coupling 
for every joint 


Where there’s a joint to be made—there’s 
the right WADE to make it. These very 
efficient couplings are made to fit every 
standard size of tubing. There’s a type for 
most kinds of tubing . .. copper, plastic or 
copper and plastic. There are also fittings 
for steel and bundy piping. 


Cross pieces—tee, straight, banjo and 
elbow joints solve every junction problem. 
And—every WADE COUPLING issimple 
to fit and completely efficient at its job. 
They're tested under the most arduous 
conditions and guaranteed to be gas-tight 
and liquid-tight under all normal pressures. 


Test any WADE COUPLING in your 
own workshop. Just ask us for any size 
and type required, and it will be sent 
with pleasure. 


WADE COUPLINGS LTD. 
270 High Road, Ilford, Essex 
Telephone: ILFord 1185/6/7 


1960 
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STABILIZED 


SMALL SIZE 
LOW WEIGHT 


J 
0 /O 
SILENT AND) <—~ 


VIBRATION- 
LESS 


300 C.P.S. to3 KC. PS. 


To Supply Servo Motors, 
Magslips, Synchros Ampli- 
fiers. 
50 V.A. Unit 19” x 3}” x 8” 
£42 
100 V.A. Unit 19" x 34 « 14” 
£52 
Standard Rack Mounting, 


Case and Meter Optional 


6000 
STABILITY 


Extras. 1, 2 and 3 Phase 


Units available. 


250 V.A. Power Unit Type 250 Al. 
Continuorsly Variable 0 to 120 V 
Frequency stability 0.1% 

Mains stabilization Ratio 40: 1 
Adjustable Output impedance + VE 
to — VE 


£125 


EX WORKS 
ASHGROVE INSTRUMENTS LTD 


WORTON ROAD, ISLEWORTH, MIDDX. Phone : ISLEWORTH 7987 


Al. 1. 
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HYGROPHIL PSYCHROMETRIC 


RELATIVE HUMIDITY 
INSTRUMENT 




















Employs the same thermo- 
sensitive elements as the 
THERMOPHIL Electronic 
Thermometer. Indicating instrument 
weighs 15 ozs. and the pistol 26 ozs. 
The pistol barrel has a diameter 
of 4” and extension tubes can 

be added. Battery operated or 
clockwork fan is employed. 
Temperature range + 10°F to + 
177°F. (— 10°C to + 80°C) 


HEADLAND ENGINEERING DEVELOPMENTS LTD. 
45-6 LOWER MARSH, LONDON, S.E.I. 
Telephone: WATerloo 7752/3 


EEE 


i vibration test 
: laboratory 


In one of our London factories, we have a | 
completely equipped Vibration Test 

Laboratory, manned by experienced | 
engineers. The laboratory can accept 

Vibration work for customers who are“unable 

to carry out their own tests, due either to i 
heavy commitments or equipment not 

being available. i 





Range of Vibration Test Equipment 


(1) 3,000 Ib. thrust vibrator (Type V/00!) with 10 KW 
drive amplifier (Type 10K) including automatic 
frequency sweep control (Type SFO./) 

(2) 750 Ib. thrust vibrator (Type V/0003) with 2 KW 
drive amplifier. 

(3) 550 Ib. thrust vibrator (Type V/000) with | KW 
drive amplifier. 

(4) 250 Ib. thrust vibrator (Type V999) with 500 watt 

drive amplifier. 











designers and 


manufacturers of 














Photograph illustrates vibrators and 

a corner of our amplifiers for 

Vibration Test modern industry 

Laboratory 
All enquiries should be sent to Vibration Test Dept. W. BRYAN SAVAGE LTD $17, Stratton Street, London, W.1 Telephone: Grosvenor 1926 J 
DaS360C > ite Ee ee ee oe ee ee 
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INSTRUMENTATION 
ZY NUCLEAR - 


Fully transistorised, it operates at 1500 c/s from 
a small long-life dry battery. It covers the 
wide range of 0.5 to 1 X 10® micro mhos in 


six ranges. 


A mains-operated bridge is also available. 
It covers the range of 0.05 to 1 X 10® micro 


mhos. 


RENEE: CPE SS PER TS 


: 


able 





ce 





REGD. 
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1926 ] 
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CONDUCTIVITY BRIDGE 


A. M. LOCK & CO. LTD., 


PRUDENTIAL BUILDINGS, OLDHAM, 


PRESSURE REGULATORS 


CHEMICAL - ELECTRONIC 


Portable 


TYPE BCI 


FOR THE PLANT YOU 


LANCASHIRE. 









Tel: MAIn 6744 


Cweé233 





MAKE 


Do you specify BAILEY’S pressure regulators? 


RELIABILITY... LONG SERVICE 


Leading design engineers in industries of all types 
have learned from experience that they can depend on 
Bailey’s pressure regulators to give greater reliability, 
ease of maintenance and long working life in industrial 
equipments of all descriptions. By incorporating 
Bailey’s valves in the plant you are designing or 
producing you will give your products an additional 
selling advantage. 


SIR W. H. BAILEY & COMPANY LTD 
Telephone: Eccles 3487/8/9 Grams: Beacon, Telex, Eccles 


LONDON OFFICE: Selinas Lane, Dagenham, Essex 


PARALLEL SLIDE VALVES 
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PATRICROFT 


--»- EASE OF MAINTENANCE 


BAILEY’S UNIQUE SERVICE 
In addition to producing a wide range of pressure 
regulators for controlling steam, air, water, gases and 
oil, Bailey’s offer a complete advisory service on 
medium and low pressure applications. They will 
gladly advise on any installation and can supply 
most of the ancillary components you will require. 
PLEASE WRITE FOR FURTHER DETAILS 


MANCHESTER ENGLAND 


Telephone: Dominion 2277/8/9 


SLUICE VALVES TEST PUMPS 


TGA RVI3A 





185 
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AUTOMATIC BUNKER 
LEVEL CONTROL 





MAIHAK 


The Maihak Bunker Level 
Indicator automatically controls 
the filling level of fine and coarse 
grained bulk mass such as coal, 
coal dust, grain, plant husks, saw- 
dust, soap flakes, dried milk, etc. 
The Indicator can be fitted with 
either acoustic or visual signal 
equipment and the Maihak switch 
on the paddle operates, if required, 
the control pump or conveyor 
carrying the material to the 
Bunker. 

Complete details available from 
Sole Sales and Service 
Representatives in 


MAIHAK Gt. Britain and Ireland. 


SMAIL SONS & CO. LTD. 


21/23 INDIA STREET, GLASGOW, C.3 
Telephone: CiTy 3301 Telegrams: ‘‘STEAM’’ GLASGOW 
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THE 
ELECTRONIC INDUSTRIES 
SOLDERING TOOL fs DCO i a 


FOR THE 
TRANSISTOR AGE etc. (Regd. Trade Mark) 
ELECTRIC SOLDERING 
EQUIPMENT 
Manufactured in all Volt Ranges 
from 


6/7 to 230/50 Volt 
with elements 
Insulated from Earth 





A PRODUCT FOR 
PRODUCTION 
Designed for continual 





dope use on bench line assembly 
(Cat. No. 70) 
PROTECTIVE 

SHIELD BRIT. FOREIGN PATS. AND 
(Cat. No. 68) 


REG. DESIGNS ETC. 
Standards approved in 
all leading countries 





Catalogues 

Head Office, Sales & Service 
ADCOLA Products Ltd 
GAUDEN ROAD 
CLAPHAM HIGH STREET 
LONDON SW4 


Telephones 
MACaulay 3101 & 4272 
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PENNY & GILES 


MUDEFORD * CHRISTCHURCH * HANTS 
TELEPHONE HIGHCLIFFE 2855 


RECTILINEAR 
POTENTIOMETERS 


FOR REMOTE INDICATION AND 
RECORDING OF DISPLACEMENT 


STROKE LENGTHS 


Up to 9 inch for Type LP 2 
Up to 24 inch for Type LP 1 


TWO RESISTANCE ELEMENTS 


AMBIENT TEMPERATURES 


Available for use in the following ranges 
—50°C to + 85°C 

50 C to +150°C 
—50°C to +250°C 


RESOLUTION of 0:001 inch can be achieved 


WRITE FOR DATA SHEETS 





and size 15 synchro mountings. 
Single and multi-gang. Single and multi-turn. 


Type LP2 


Tick No 165 on reply card for further details 


JOHN MORRIS 


ELECTRICAL ENGINEERING CO. LTD. 


g 

Also manufacturers of potentiometers in size 11 | 
e 

BILSTON TEL 41237-8 STAFFS 
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CONTROL RELAYS 


* A new mechanism 
styled to accept the 
most up-to-date, pre- i 
cision made, positive ' 
self starting, Swiss | 


made Relhor Timing 
Mechanism. 


Patented, double 
break, contact action. 


Generous tracking 
distances with fully 
moulded, non-hygro- 
scopic insulation. 


% Time delayed pick] up or drop off. 


ASK FOR LEAFLET CR150453 
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Chemical attack 
‘in Process Plant 


Small section Iron and Steel castings are extremely 


f 
y 





expensive relative to their weight and greatly in- 





flate the cost of process valves working on applica- 


. > tions where “All Iron & Steel’’ is specified. 

+ 

& 
ng ranges ° ° 

| _ General Specification : 

| 
- achieved ; s Body 
TS i Ductile Iron 
, ae 
| cable clips Stem 
in size 11 i 
. .. the continued approval of manufacturers Stainless Steel 
wilti-turn all over the world is clearly apparent, for every 
“ae year more and more millions of NX, CY Seats 


. and X type clips are supplied all over the 
; world to Radio, Electronic, Switchgear, 
Domestic Appliances, Aircraft, Marine 
Engineering, Atomic Energy, Electrical 
Contracting. and Laboratory Equip- 
ment manufacturing industries. 
In fact, wherever a high grade and secure fixing is required 
for cable, tubes or components whatever the 
climatic conditions. 


Nickloy, Monel or 
Stainless Steel 


ver details 


Packing 
Fluon 


Return Spring 
Vanadium Chrome 


r 
' 
he 
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: 
: Steel 
x Ae eX 
; Pret = bn ee es 
NX CLIP ey CLP , x CLIP —- 
Made from the highest For dual cable runs in Manufactured in high- Hunt & Mitton have pioneered the application of 
-_ ee eer at ane est grade hard P.V.C. 
han metal and twice as cable diameters in. in twenty-five d t | i i 
light, in sizes kin. to 1 upto % in. In highess sizes yang ta oils | Ductile Iron to control valves for pressure ratings 
in. inside diameters. grade hard P.V.C. diameter to 2 in. inside | 


diameter to cover the 
smallest and largest 


wiring runs - . . ; 
~~, akin to steel and the material is equally resistant 
“HEAR!S— | qually 


(HEARY to chemical attack. Cost is considerably more 
we 
| BATS ne tock pus nc 


up to 600 p.s.i. at 400°F. Physical properties are 









v 
Many hundreds of these valves are operating 
Here's a bush specially designed for instant assembly. 
The Insuloid simple snap-on finger action is as quick as a 
thought and once it’s fixed it stays fixed, guaranteeing no 
chafing, and no tools are required whatsoever. 


satisfactorily in actual installations at home and 


Insuloid Ring Lock Bush is non-metallic, fully tropical, 
high dielectric, is approved by all services and is completely abroad. 
secure under all working conditions. Another Insuloid 
time-and-money-saving component. 
| HUNT & MITTON LTD 
Send for fully descriptive literature covering a full range TH BIRMINGHAM |! 
of Insuloid Cable Clips and Ring Lock Bushes today. OOZELLS ST. NOR , 


2 b “ , Birmi 1 
INSULOID MANUFACTURING CO. LTD. Telephone: MID 0393. Telegrams: Mitton, Birmingham 


Sharston Works, Leaston Avenue, Wythenshawe, 
Manchester. Tel.: WYT 2842 & 3163 
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Tick No 168 on reply card for further details 


ENDECOTTS 


TEST SIEVES 


For Accu racy! 


ss POCKET HH 
Ht INTERCHANGER 
3 SIEVES Hy 


*‘ENDROCK’ 
TEST SIEVE 
SHAKER 


TEST SIEVES 
B.S. 410: 43 U.S. Standards 
and Tyler Equivalents 


We operate a Recovering Service 


Consistent mechanical action — 
saves valuable time of skilled personnel 


ENDECOTTS (Fitters) LTD. 
Depi.£E. Lombard Road, London, S.W.19. 


Phone: LiBerty 8121/2/3 
Grams: Endfilt, London 


Tick No 169 on reply card for further details 


RELAY USERS 


| “ CORREX” 
\ TENSION GAUGES 


The only instrument 
solely designed for accur- 
ately measuring tension 
on Relays, Contacts, 
Switchgear, and electri- 
cal apparatus of all kinds. 
Gauge measures. in 
grammes, and a large 
range of sizes is produced 
to cover from 0.3-2,000 
grammes. 

Swiss made and guaran- 
teed. 


Write for illustrations and prices from the 
Distributors throughout the U.K. 


JAMES W. GARR & GO. LTD. 


Dept. SALES 7-15 Rosebery Avenue, LONDON, E.C.1 
Telephone TERMINUS 8866 (P.B.X.) 


Tick No 170 on reply card for further details 


TO INDICATE CONTROL OR RECORD 
TEMPERATURE 


gg es 
a 


For accuracy, ease of reading, robustness, economy and long, 
trouble free life install Rototherm Thermometers, Controllers 
and Recorders. Specialists in bi-metallic applications. 


Write for details. 


ototherm 


BI-METAL MERCURY-IN-STEEL VAPOUR PRESSURE 
THE BRITISH ROTOTHERM CO. LTD. 


Merton Abbey, London, S.W.19 LiBerty 766! 
Midland Factor7: Hollis St., New Basford Nottingham 7784 
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POST OFFICE TYPE 
3,000 and 600 RELAYS 


Specialists in tropical and Services jungle finish. 
Guaranteed to full A.I.D. and I.E.M.E. standards, 


Prompt Deliveries. Prototypes within 24 hours. 


Approved by the Admiralty, Post Office and U.K.A.E.A. All relays 


guaranteed made in our own works. P.T.F.E. insulation now available 


Manufacturers to H.M. Government Departments and leading Contractors 
L. BE. SIMMONDS LIMITED, BYRON ROAD, HARROW, MIDDX 
TELEPHONE: HARROW 7797/9 TELEGRAMS: SIMRELAY HARROW 
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SENSITIVITY PLU 


The Type ‘R’ Switch is adjustable to trip at any point 
in the range 0-2” w.g. and in the standard form can be 
used as a pressure, suction or differential pressure switch. 
The electrical capacity is 5/2 amps at 240/440 volts A.C. 
S.P.D.T., and the differential is better than 0.1” w.g. 

The instrument is designed for panel or wall mounting, 
and is supplied complete with a short length of flexible 
conduit for direct connection to a conduit box. 

Available either in industrial dustproof case, in a 
weatherproof housing, or in a Buxton Certified Flame- 
proof enclosure. 

Other models cover the range up to 10 tons per 


1y and long, square inch. 


_ Controllers 


; DELTA Technical Services Ltd. 


COWLEAZE ROAD, KINGSTON-ON-THAMES, SURREY. 
Telephone: KINgston 9568 (3 lines) 


wail 
OUR PRESSURE 
So. LTD. 


LiBerty 766) 
ttingham 7784 
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This is it! 


Tick No 174 on reply card for further details 


ELECTRICAL REMOTE 
CONTROL CO. LTD. 


Manufacturers of Electrical 
Timing and Control Apparatus 


* Range of fully automatic process timers for AC 
and DC. 


* Range of cam operated hand reset process timers 
for AC and DC, 


: Multiple contact and mercury relays for AC and 
DC. 


eee eee CSS FFG 62 FF 2 
ann nn a a ne eee eee eee ea aas 


7 
Special purpose control panels to customers’ 
requirements. 


olelelelezets 


Miniature automatic 


. | a synchronous timer type 
AT LAST, a sensible Diode Tester at a sensible price, small ZX 1-12 continuously 


yet robust and packed with practical ideas. adjustable independent 
* Will test all semi-conductor diodes, including Zener timing circuits with or 


types. without time setting dials. 
* The diode, once connected, need not be touched until . 


10urs. 


All relays 


now available 


ng Contractors 
OW, MIDDX 
AY HARROW 


larch 1960 


* Current: 5 am 


its complete characteristics have been taken. 
D.C. RANGES COVERED: 


ps to 50 micro-amps full scale. Voltage: 
3 volts to 1200 volts full scale. Four position switches 
with visible indicator give maximum safety. 


* Both voltage and current ranges can be tailored to 


individual requirements. 
Phone Walton 21302/3 or write for full specifications to 


R. E. THOMPSON & CO (instruments) LTD 


HERSHAM TRADING ESTATE * WALTON-ON-THAMES + SURREY 
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Timing ranges between 
0-30 seconds and 0-28 
days. Switching capacity 
10 amps at 230 v AC. 
Overall dimensions of 
2-circuit unit 22" x 34” x 53° 


HARLOW, ESSEX 








| Tel.: Harlow 24285 





A BREAKDOWN HERE COULD COST 
A FORTUNE 


I 
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What is the most important piece of machinery in your factory ? 


What would be the cost per day to your business if it were to break 
down ? 


It is now possible to cover the loss of profits resulting from such a 
breakdown as well as the cost of repairing the machine itself. 


Policies can be issued to meet the particular requirements of any 


business. 


In this way you can be indemnified against the serious interruptions 
to your business which can be caused by machinery breakdown. 


Should you feel in need of the protection of this new form of insur- 
ance we can send an engineer to advise you and inspect your plant. 


Write to D. H. EVERS, /ndustrial insurance consultant 


ONE ARUNDEL COURT 


190 


JUBILEE.PLACE 
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LONDON 
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1844 


The first practical aneroid barometer was invented in 1844 by 
Lucien Vidie, a French amateur scientist. Since that time the same 
dial and pointer presentation has persisted despite the disadvantages 
imposed by the necessity for the aneroid capsule to do work in 
turning the gears and pointer. In the Mechanism Precision Aneroid 
Barometer, the aneroid capsule displacement is measured with a 
micrometer, a scale factor of over 500/1 being achieved with no 
penalty in work done to overcome friction. This advance is possible, 
only by detecting with precision the point of contact between 
micrometer and capsule. Observations of the contact point can be 
repeated within .00002 inch by incorporating in the contact circuit 
a ‘magic eye’ (cathode ray tuning indicator), driven by a self 
contained D.C. supply. Long term stability is achieved by an 
extensive process of artificial ageing, independent tests over 15 
months showing zero secular drift. Ability to withstand handling 
shocks has been shown by despatching an instrument by parcel 
post from Carlisle to Croydon without affecting calibration. 
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mete teen tee ee : F . Characteristics : 


ee nein Ranges : 800 to 1,050 Mbs. 
i 900 to 1,050 Mbs. 





: : - Discrimination : += 0.1 Mb. 
Accuracy at 20°C : = 0.3 Mb. 
Accuracy at0°C&40°C : + 0.5 Mb. 
Fitted in Carrying Case : 
Weight : 54 Ib. 
Dimensions : 6}” X 64” x 8” 
Precision Aneroid Barometer 
TYPE M.1847. 


GYRO WORKS : GEORGE STREET 
MECHANISM LIMITED @YR° works - ceo 


Telephone * CROydon 3426-9 Telegrams * GYROMEC * CROYDON 
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Tick No 177 on reply card for further details 


As acknowledged leaders in the 
automatic resistance welding field, i 
British Federal have a very wide , | pdb a a om 
experience of specialised control : ae adit ane 
equipment. ranges. 

The Company’s considerable 
resources in design manufacture 
are now available to industry 
generally, for the production of 
special purpose electric and elec- 
tronic control equipment. 

This covers the control not 
only of welding machines, but of 
motors, machine tools, conveyors 
and all types of automatic trans- 
fer equipment, and it also includes 
semi-standard panels which can 
be tailored to suit a wide variety 
of specific applications. ~hiee a paler. tener 

porating phase shift heat control 
features, synchronous timing and 


automatic current control with 
voltage compensation. 


ie ¥ 4 wey 
British Kedeverk 

The British Federal Welder and Machine Co. Ltd. manufactures eae 
a comprehensive range of welding gear and allied equipment and tured for a Midland Com- 


has considerable experience in applying welding methods to — — 
industrial problems. 


ALL TYPES RESISTANCE WELDING MACHINES AUTOMATIC AND MANUAL CONTROL . JIGS, TOOLS AND FIXTURES 
BRITISH FEDERAL WELDER & MACHINE CO. LTD. CASTLE MILL WORKS, DUDLEY, WORCS. TELEPHONE DUDLEY 54701 








) THERMOPHIL ELECTRONIC THERMOMETER 


Portable instrument weighing 33 ozs. notable for speed of response, 
small probe dimensions, and clarity of scaling. Temperature ranges 
according to instrument types between minus 200°C (—328°F) to 290°C. 
(554°F). 


HEADLAND ENGINEERING DEVELOPMENTS LTD. 
45-6 LOWER MARSH, LONDON, S.E.I. WATerloo 7752/3 
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TECHNICAL 
REPRESENTATIVES 


Rotameter wish to hear from 
instrument engineers with ex- 
perience of technical represen- 
tation particularly those resi- 
dent in N.E. England, Scotland 
or S.W. England. Prime requi- 
sites are :— 

1. Knowledge and experi- 
ence of current instrument 
practice. 

2. Chemical plant or refinery 
experience. 

3. Integrity and initiative. 
Applications should be 
addressed to the Sales Manager 
and marked ‘ Personal’. 


Rotameter Manufacturing 
Co. Ltd., 
330 Purley Way, 
Croydon, 
Surrey 

















DEVELOPMENT 
ENGINEERS 







essential requirements. 



















Personnel Officer, 
FAIREY AVIATION LIMITED, 
Hayes, Middlesex 

















SALES ENGINEER and 
REPRESENTATIVE 


To handle complete range of 
industrial controls for heating, 
refrigeration and air conditioning 
of American design. Advantageous 
if also conversant with precision 
potentiometers. 


Write details in confidence to:— 


R. H. Cramp, 
General Controls Limited, 
13/15 Bowlers Croft, 

Basildon, Essex 
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CLASSIFIED ADVERTISEMENTS 


ANNOUNCEMENT RATES:— 


LINEAGE ANNOUNCEMENT RATES:— 
BOX 


are required by the Hydraulics Division of Fairey 
Aviation Limited for work on hydraulic and electro- 
hydraulic servomechanisms, etc. Sound engineering 
background. logical thinking and perseverence are 


Please apply giving full details of experience to the 


1 insertion 40/- per 
6 insertions 38/- per single col. inch 

12 insertions 36/- per single col. inch 

4/- per line. 5% discount 6 insertions, 10% discount 12 insertions 

1/- extra will be charged 

Advertisements for April issuc to be received not later than March 25th 


single col. inch 
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BRITAIN’S LEADING 


INSTRUMENTATION ENGINEERS 


In order to carry out our expansion programme, Elliott Brothers (London) 
Limited require additional staff for the creation of teams to handle new and 
interesting projects, including development of Automatic Test Equipment, 
Guided Weapons Control Systems and Satellite Designs. 

Their work will lie in control systems, engineering and simulation employing 
the latest concepts of automatic control using analogue and digital circuit 
elements. 


This Company has an established reputation for forward looking development 
and system thinking, the present teams are expanding and opportunities exist 
at senior and junior levels for candidates of mental agility and intiative. 


Applications are invited from: 

ELECTRONIC ENGINEERS with experience of analogue or 
digital circuits or closed-loop system 
development. 

MECHANICAL ENGINEERS with a servo background. 


MATHEMATICIANS AND PHYSICISTS 

with a knowledge of servo theory, 
preferably allied to analogue or 
digital computer experience. 

is required with a sound background 
of applied optics. 

A degree, H.N.C. or their equivalent is the minimum qualification for these 


posts. Salaries are generous, the working atmosphere is congenial and purpose- 
ful and the usual social and superannuation benefits are available. 


Applications should be addressed to 
The Personnel Manager (Ref. 169), Elliott Brothers (London) Limited, 
Elstree Way, Boreham Wood, Herts 


ONE PHYSICIST 


The OVERSEAS ENGINEERING DEPARTMENT 
of the 
DUNLOP RUBBER CO. LTD., 
requires a first-class 
INSTRUMENT DRAUGHTSMAN 


to work in their BIRMINGHAM offices on the design and detail of INSTRU- 
MENTATION /CONTROL SCHEMES for processing plant. An attractive 
salary will be paid to the person appointed. 


Applicants should possess a HIGHER NATIONAL CERTIFICATE 
(ELECTRICAL OR ELECTRONIC), and have a wide experience of instru- 
mentation, including measurement and control of temperature, flow and 
pressure, 


This post will be pensionable to men under 44 years of age at the time of 
engagement. Those interested should write in confidence, — age, experience, 
commencing salary expected and quoting reference OE/M, to: 


Staff Officer, Employment Department, 
Fort Dunlop, Erdington, Birmingham, 24 
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WE SHALL BE PLEASED TO RECEIVE APPLICATIONS FOR THE 
FOLLOWING POSTS FROM SUITABLY QUALIFIED MEN. 


DRAUGHTSMEN 
ESTIMATORS 
ENGINEERS 


RESEARCH TECHNICIANS | 
RESEARCH ENGINEERS 


SALARY 


PENSION FUND 


O.N.C. (Electrical) is a minimum technical 
qualification and it is desirable that appli- 
cants, particularly for the posts of estimator 
and engineer, should have had some experi- 
ence in the motor control gear field. 


Our Research Department are engaged on a 
long term programme of research into the 
development and application of new indus- 
trial control methods, having particular 
reference to semi-conductors and kindred 
techniques. 


commensurate with ability and experience; 
we appreciate that salary is an important 
factor in deciding to move to new em- 
ployment. 


the Company have a contributory Pension 
Fund together with life insurance cover. In 
certain circumstances it is permissible to 
transfer existing superannuation  contri- 
butions. 


INTERVIEW 


reasonable out-of-pocket travelling expenses 


will be paid to those applicants invited for 
interview. 


Please apply, giving full details of training, qualifications and experience to: - 
PERSONNEL MANAGER, BROOKHIRST IGRANIC LTD., 
NEWRY PARK, CHESTER. 


SENIOR & JUNIOR 


MECHANICAL 
DESIGN DRAUGHTSMEN 


required for the design of Hydraulic Control Equip- 
ment having Ajrcraft and Commercial usage. 
Previous experience an advantage but can consider 
draughtsmen who have general background and 
possess H.N.C. or O.N.C. 


Applications should be made to the 
Personnel Officer, 
Hydraulics Division, 
FAIREY AVIATION LIMITED, 
Hayes, Middlesex 


DESIGNER/DRAUGHTSMAN, experi- 
enced in hydraulic and pneumatic valve 
design. Promotion prospects extremely 
good for a man with the drive and 


ambition to expand a new department. 
Box C126. 


On no account can names and addresses 

of Box Numbers be given, Please write 

to the Box Number concerned c/o 
CONTROL 


[errant 


wish to recruit a 


SERVO ENGINEER 


for automatic control of machine tools. An opportunity exists for an experi- 
enced Servomechanisms Engineer to take charge of the development of very 
advanced servomechanisms for high-precision machine tool control and allied 
purposes, The problem is to extend the performance of hydraulic servo- 
mechanisms and their associated transmission and feedback systems beyond 
present-day standards, and represents a challenge for a man with a good 
theoretical background and practical experience of servo work. A staff position 
with membership of pension scheme and a substantial salary will be offered 
to the successful candidate. Please apply giving details of training and experi- 


ence to the: 


LIMITED EDINBURGH 


Personnel Officer, Ferranti Limited, Ferry Road, Edinburgh, 5, quoting ref. 


SE/190 


THE DE HAVILLAND ENGINE 
COMPANY LIMITED 
has vacancies in the 
Hatfield Test Colony 
for 
ENGINEERS or PHYSICISTS 


to design and develop control systems for 
gas turbines and reheat systems. 
exacting conditions of high speed flight and 
the achievement of optimum performance 
produce interesting problems in the design 
and development of hydraulics, pneumatic 
and electrical control units and closed 
loop systems. 


These positions offer attractive salaries and 
good working conditions. 

Applicants with experience in one of these 
fields and qualified to B.Sc. or H.N.C. 


standard are invited to apply for interview 
to: 


The Personnel Officer (Ref. SC.939), 
THE DE HAVILLAND ENGINE 
COMPANY LIMITED, 
Manor Road, HATFIELD, Herts. 


TUBE INVESTMENTS 
RESEARCH AND DEVELOPMENT 
DIVISION 


Tube Investments invite applications for 
appointment to the scientific and engineer- 
ing staff of their Technological Centre in 
Aldridge, Staffordshire. Applicants should 
be in the age range 24 to 35 years and 
possess an Honours Degree or its equiva- 
lent. Previous industrial experience is desir- 
able but not essential. 
Staff are required for process research and 
engineering development in the following 
fields :— 
1. Metallurgy with particular reference 
to beryllium and other “ nuclear” 
metals including cermets. 
Electronics with particular reference 
to new techniques of inspection based 
on eddy current and_ ultrasonic 
measurement. 
Electrical Engineering with particular 
reference to = automatic control 
mechanisms using transistor and 
other electronic circuits. 
Welding with particular reference to 
development of new techniques for 
welding. 
The salary offered will be in accordance 
with age and experience and applications 
should be addressed to the Director, T.1. 
Technological Centre, The Airport, Walsall, 
Staffordshire. 


PYROMETRY ENGINEER 


with wide knowledge and experience of 
thermocouples required to develop sales 
and application of these instruments by 
Manufacturer who has established a sub- 
stantial but undeveloped market. The job 
will be largely at Head Office, at Hebburn, 
but will involve occasional travelling to 
investigate problems, and to explore appli- 
cations, A position which will be interesting 
and rewarding in all senses to one with 
initiative and the right experience. Pension 
scheme. Please write to the Commercial 
Manager, Pyrotenax Limited, Hebburn, Co. 
Durham. 


Telephone your classified 
advertisement to 


MUSEUM 8252 


CONTROL March 1960 
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Computer 
Programmers 
have scope 


Are you satisfied that you are 
getting wide enough experience 
in computer problems? Are you 
being allowed to use your initi- 
ative and abilities to the full ? 


If you cannot say ‘yes’ to 
these questions, write to us 
at I-C-T. Already our com- 
mercial computers are the 
most widely used in Britain. 
And our progressive outlook 
and rapidly expanding work 
in varied directions will give 
you all the opportunities 
you are looking for. 


1960 
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New computer 
service and equipment 


New I-C-T computing equipment 
will soon be announced -spring- 
ing from the outstanding success 
of the 1200 series-and new ex- 
tensions in services for I-C-T 
users are taking shape. We now 
need still more programmers. 
This is an outstanding oppor- 
tunity for experienced men and 
women who like new problems 
continually set before them, and 
who thrive on the large and 
varied diet which only a firm 
such as I-C-T can offer. 


Exciting 
new developments 


The work to be done covers the 
full exploitation of existing and 
imminent computers and I.D.P. 
systems involving a variety of 
input/output media. It covers 
the evaluating of proposed sys- 
tems, the preparation of utility 
routines, and the development of 
compilers leading to the creation 
of complete automatic coding 
and programming systems. 


* * * 


The I-C-T Programming Centre 
is in one of the pleasantest areas 
of London. The positions carry 
excellent starting salaries in 
keeping with individual qualifi- 
cations, and are pensionable. 
Write briefly, giving age, educa- 
tion and experience (quoting 
reference CG/CP on both enve- 
lope and letter, please) to The 
Manager, Personnel and Train- 
ing Division, 


International Computers 


and Tabulators Limited 


149 Park Lane, London W1 
All the resources of Hollerith and 
Powers-Samas deployed in an 
organisation covering the whole 
of Great Britain and every major 
country overseas. 


"in 
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developments 


in ferro-magnetic 
film 
interest you? 


We at I-C-T are convinced that 
our three years’ research into 
ferro-magnetic film has opened the 
way to a major breakthrough in 
computer technology. 


What you can see in the back- 
ground photographisthe magnetic 
structure of a film which is in the 
process of switching directions— 
the dark and light areas being the 
regions magnetised in opposite 
directions. Studying how such 
films reverse their magnetisation 
is one step in our successful 
development of the design ofa new 
storage device. This is just one of 
the research problems we at I'C:T 
are engaged upon which are sure to 
interest you. 


I-C-T are offering secure careers 
with exciting work and real prospects 
to men with a sound theoretical 
background, with an honours degree 
in Physics or Electrical Engineering, 
and who are able to initiate new lines 
of development. 


GREATER 
PROSPECTS, 
WIDER SCOPE 
FOR YOU AT 
I'C:T 


For the next step in your career, 
think about joining us at I-C-T, 
the largest British data processing 
company. Here you will find an 
enthusiastic and progressive out- 
look, more fundamental research, 
more scope for initiative, more 
encouragement to work out 
original ideas and publish the 
results. 


Vacancies in ferro-magnetic film 

research are: 

1. For men who would be interested 
in magnetic processes in thin films 
from a fundamental point of view. 

. For men who will show how the 
physical processes can be exploited 
in computer devices. 

. For men who will be challenged by 
the circuit problems of fitting these 
devices into very-high-speed com- 
puters. 


Other vacancies are in departments 
for: 
Development of new circuits 
for digital computers 
Draft designs for digital com- 
puters 
Development of high-speed 
mechanisms 
New forms of construction for 
digital computers 


We want top people for jobs like 
these in the research laboratories 
at Whyteleafe in Surrey, and at 
Letchworth and Stevenage in 
Hertfordshire. 


Write briefly (age, education and 
experience) to The Manager, 
Personnel and Training Division, 
Ref. No. R/E1 


International Computers 
and Tabulators Limited 
149 Park Lane, London, W1 
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CAPACITY AVAILABLE 
BUSINESS OPPORTUNITIES 
CONSULTANTS 


BUSINESS OPPORTUNITIES 


INDUSTRIAL 
ELECTRONICS 


Automatic Contactor Control Gear 
Manufacturer, with a view to 
purchase, invites applications from 
an established firm of Electronic 
Engineers to collaborate in the 
Development and Application of 
Electronics particularly in the 
industrial field including motor 
control. Box C124. 
















ASSEMBLY-WIRING 








SSEMBLY-WIRING for the radio, 
electronic, and instrument industries. 
We produce the best quality cable forms, 
metal work, turned parts, and engraving, 
etc. High standard of workmanship guaran- 
teed for long or short runs. Individual 
attention given to special or difficult pro- 
jects. SURIE & CO. LTD., Bushey Heath, 
Herts. Tel. BUS 1256. 






Quick Delivery Solenoids are nor 


PHILLIPS CONTROL 











Relay System _ 


The most highly developed 
Relay System available 


D. ROBINSON and 
NDON ROAD, HOUNSL( 


HOUnslow 6266. 626 


CONTROL March 1960 

















COILWINDING 


CHASSIS AND PANEL 
WIRING 
2 
Experienced wirers can give 
prompt deliveries. 


One off and small quantity work 
welcomed. 


Coilwinding facilities available. 
a 


COILWINDING SERVICES 


Ruvigny Works, Ruvigny Gardens, 
Lower Richmond Road, Putney, 
London, S.W.15 
Telephone : PUTney 2667 



















TRADE SERVICES 
FACTORY TIME RECORDERS. Rental 
service. Phone, Hop 2239. Time Recorder 
Supply and Maintenance Co., Ltd., 157- 
159 Borough High St., SE1. 


SORTING & ae SERVICE 


Punched cards at your service 
Accounting, Costing, Statistics, Etc. 
Our skilled operators do your work using 
our modern machines. No capital outlay as 
you pay only for time taken. Every advan- 
tage of modern methods, even for a volume 
of work too small to justify installing your 
own machines. 
2 Castle Street, 


KINgston 
Kingston, Surrey. 9448 


CONTACTORS 


JOHN BAGGS 
high grade quiet 
MERCURY SWITCH 

CONTACTORS 

sizes up to 200 Amps 440 Volts 

JOHN BAGGS i & SS = WORKS ames. 

Sdlowerts 217 


Telephone: Sad: 








SOLENOIDS 





PHIL-TROL 
SOLENOIDS 


New 6 Page Leaflet (No. 108) now available. 
Covers small and medium solid core types 
including new types 45, 35, 36 and 37. 


Send for your copy now. 


mally despatched same day as receipt of order 
Dept. E, 

( Farnborough, HANTS. 

owe ® phone: Farnborough 1120 


RELAY SYSTEMS 


the ¢S) Plug-in - 










Co. 


A 
al 


a) 



















COILWINDING 


COILWINDING CAPACITY 


Modern up-to-date methods 
and multi-winding machines. 


We invite your enquiries. 
T.S. Precision Engineering 
Co. Ltd., 
Hollingbury, 


Brighton, 6 





CAPSTAN TURNING 
AND CABLE FORMING 


IF you require high-class work 
with prompt delivery, may we 
please quote you? 
CAPSTAN turning up to 14” dia., 
Centre Lathe, Multi-spindle Drill- 
ing, Assembly, etc. 


ELECTRICAL CABLE FORMS 
to customers’ specification. 


CHARLES BERNARD & CO. 
LTD. 
721 North Circular Road, 
London, NW2 
Telephone: GLAdstone 4019 


PRESSINGS AND 
LIGHT ASSEMBLIES 






















PRESSINGS IN ALL 

METALS 
up to 60 tons 
Press tools manufactured in 
our own toolroom. Light 
assemblies—Domestic, Electri- 
cal and Mechanical. All 
finishes. A.D. and A.R.B. 
approved. Advice and estimates 
given free. 


Inquiries to: 
METAL COMPONENTS 
LTD. 
DOLPHIN ROAD 
SHOREHAM-BY-SEA 
SUSSEX 


Telephone : 
Shoreham-by-Sea 2224-5 





MACHINING AND MILLING 





MACHINING CAPACITY, for small 
precision turning, Vertical and Hori- 
zontal Milling, etc. Prototypes and Spe- 
cial Purpose Machines. Press Tools, Jigs 
and Fixtures. S. & H. Bryant & Co., 
284 High Road, Willesden, N.W.10. Tel. 
WIL 2323. 
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Associated Electrical Industries Ltd. 
(Instrumentation Div.) 
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Beckman Instruments Ltd. 
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